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(54) AriTIREFLECnON FILMS AND IMAGE DISPLAY DEVICE CONTAINING THE SAME 



(57) An anti -reflection film comprises a high refrac- 
tive index layer having a refractive index of 1 .65-2.40, 
and a low refractive index layer having a refractive index 
of 1.20-1 .55. Another anti-reflection film comprises only 
a low refractive index layer having a refractive index of 
1.20-1.55. In the invention, the first Improvement 
resides in a high refractive index layer composed of 
inorganic fine particles having a mean particle size of 1 - 
200 nm in an amount of 5-65 vol.% and a crosslinked 



anionic polymer in an amount of 35 to 95 vol.%. The 
second improvemwit reskles in a low refractive index 
layer composed of inorganic fine particles having a 
mean particle size of 0.5-200 nm in an amount of 50-95 
wt.% and a polymer in an amount of 5-50 wt.%, and two 
or more of those particles are piled up to form micro 
voidsby the adjacent particles. 



FIG. 1 



CO 

in 

CM 
CM 
O 



(b) 



(c) 




O. 



Primed by Xerox (UK) Business Servloes 
2.16.7 (HRS)/3.6 



cr I u^^ oot Ml 

Description 

FIELD OF THE INVENTION 

5 [0001] The present Invention relates to an anti-reflection film comprising a high refractive index layer and a low 
refractive index layer, an anti-reflection film comprising a low refractive index layer, and a display device using the anti- 
reflection film. 

PRIOR ART 

10 

[0002] Anti-reflection films are used in various display devices such as a liquid crystal display device (LCD), a 
ptasnta display panel (PDP), an electroluminescence display (ELD), and a cathode-ray tube (CRT). Further, they are 
generally provided on lenses of glasses or cameras. 

[0003] As the anti-reflection film, a multi-layered film comprising plural transparent metal oxide layers superposed 
75 one on another has been widely employed. The plural transparent metal oxide layers reduce reflections of light in a wide 
wavelength region, and are formed by chemical vapor deposition (CVD) process or physical vapor deposition (PVD) 
process (especially, vacuum deposition process). Although the transparent metal oxide layers give an anti -reflection film 
having excellent optical characteristics, the deposition process has insufficient productivity for mass-production. 
[0004] In place of the deposition process, rt is proposed to employ a coating liquid containing inorganic fine particles 
20 to prepare an anti-ref taction film. 

[0005] Japanese Patent Publication No. 60-59250 describes an anti-reflection film comprising fine holes and inor- 
ganic fine particles. The film is formed by using a coating liquid, and the formed film is subjected to active gas treatment. 
By the treatment, the gas escapes from the film to form the fine holes. 

[0006] Japanese Patent Provisional Publication No. 59-50401 describes an anti-reflection film comprising a sup- 
25 port, a high refractive index layer and a low refractive index layer superposed in order. Tliis publication also discloses 
an anti-reflection film further comprising a middle refractive Index layer provided between tfie support and the high 
refractive index layer. In each film, the low refractive index layer is formed by using a coating liquid containing a polymer 
or inorganic fine particles. 

[0007] Japanese Patent Provisional Put>lication No. H2-245702 discloses an anti-reflection film comprising two or 
30 more kinds of micro particles (for example. SiOa and MgF2). The mixing ratio of the particles varies in the thickness 
direction so that the refractive index would gradually vary in the thickness direction. The film having that structure has 
optical characteristics similar to tiiose of the film in No. 59-50401 , which comprises both high and low refractive index 
layers. In the film of Publication No. H2-245702, the micro particles are combined via Si02 formed by thermal decom- 
position of ethyl silicate. In tiie thermal decomposition, the ethyl part of etiiyl silicate is burnt to evolve carton dioxide 
35 and water vapor. The produced cartx)n dioxide and water vapor escape from the film to form voids by the adjacent micro 
particles (as shown in Figure 1 of the publication). 

[0008] Japanese Patent Provisional Publication No. H5-13021 discloses an anti-reflection film in which the voids 
described in PublicationNo. 2(1 990) -245702 are filled with a binder. 

[0009] Japanese Patent Provisional Publication No. H7-48527 discloses an anti-reflection film comprising a binder 
40 and inorganic fine particles of porous silica. 

[0010] Japanese Patent Provisional Publications No. H8-110401 and No. H8-1 791 23 disclose an anti-reflection film 
which comprises a high refractive index film (having a refractive index of 1 .80 or more) containing inorganic fine parti- 
cles of high refractive index dispersed in a plastic material. 

45 SUMMERY OF THE INVENTION 

[0011] The present inventors made studies on incorporation of inorganic fine particles into a high refractive index 
layer and a low refractive index layer of anti-reflection film. For forming the layers, it is advantageous to employ a coating 
method which uses a coating liquid containing inorganic fine particles for attaining high productivity suitably employable 
50 for mass-production. In the course of studies, the inventors noted the problems in forming the layers of high and low 
refractive indexes. 

[001 2] In forming a high refractive index layer, it is difficult to finely disperse the inorganic particles and further to 
form the uniform layer comprising therein a well dispersed particles. 

[001 3] For preparing a high refractive index layer as a transparent film, the inorganic particles need to be dispersed 
55 finely and uniformly It is generally known that surface active agents and (cationic or anionic) polymers are used for dis- 
persing the particles. Those agents are effective only for preparing the uniform layer. After forming the layer, they are 
useless, and often impair physical strength (abrasion resistance) and chemical strength (chemical resistance) of tiie 
high refractive index layer. 
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[0014] H is also difficult to prepare a lew refractive inde>c layer having both a proper refractive irKlex and enough 
physical strength. 

[0015] The study of the inventors revealed that the refractive index can be lowered by micro voids in the layer. By 
piling up two or more inorganic fine particles in the layer, the micro voids can be formed by the adjacent the particles. 
5 However, a tow refractive, index layer having the voids generally has not enough strength. Since the low refractive index 
layer is often placed on the screen of image display device or the outer surface of lens, the layer needs to have enough 
strength. If the voids are filled with a binder, the layer has enough strength. However, according to the study of the inven- 
tors, such voids can not satisfyingly lower the refractive index of the layer. 

[001 6] An object of the invention Is to provide an anti-reflection f Qm appropriately employat>le for mass-production. 
10 (001 7] Another object of the invention is to provide an anti-reflection film which comprises a transparent high refrac- 
tive index layer having, an increased high refractive index. 

[001 8] Further, It is an object of the invention to provide an anti -reflection film comprising a low refractive index layer 
having an increased low refractive index. 

[0019] Furthermore, it is an object of the invention to provide an anti-reflection film comprising a high or low refrac- 
15 tive index layer having excellent strength. 

[0020] In addition, an object of the invention is to provide a display device in which the reflection of light is lowered 
by proper means. 

[0021 ] The objects of the invention are achieved by the following improvements (1 ) to (5) in the high refractive index 
layer, the following improvements (11) to (14) in the low refractive index layer, the following improvements (6) to (9) in 
20 both layers, and the following display devices (10) and (15) equipped with improved anti-reflection films. 

(1) An anti-reflection film comprising a high refractive index layer having a refractive index of 1 .65 to 2.40 and a low 
refractive index layer having a refractive index of 1.20 to 1.55, wherein the high refractive index layer comprises 
inorganic fine particles having a mean particle size of 1 to 200 nm in an amount of 5 to 65 vol.% and a crosslinked 

25 anionic polymer in an amount of 35 to 95 voL%. 

(2) The anti-reflection film of (1), wherein the anionic polymer in the high refractive index layer has a phosphoric 
acid group or a sulfonic acid group as the anionic group. 

(3) The anti-reflection film of (1 ), wherein the anionic polymer in the high refractive index layer further has an amino 
group or an ammonium group. 

30 (4) The anti-reflection film of (1 ), wherein the inorganic fine particles in the high refractive index layer have an aver- 
age refractive index of 1 .80 to 2.80. 

(5) The anti-reflection film of (1), wherein the high refractive index layer is formed by applying a coating liquid, and 
the anionic polymer is formed by polymerlzatton reaction during or after the application. 

(6) The anti-reflection film of (1), wherein the low refractive index layer comprises inorganic fine particles having a 
35 mean particle size of 0.5 to 200 nm in an amount of 50 to 95 wt.% and a polymer in an amount of 5 to 50 wt.%. and 

two or more of said particles are piled up to form micro voids by the adjacent particles. 

(7) The anti-reflection film of (6), wherein the low refractive index layer has a void volume in the range of 3 to 50 
vol.%. 

(8) The arrti-ref lection film of (6), wherein the inorganic fine particles in the low refractive index layer are coated with 
40 a shell of polymer. 

(9) The anti-reflection film of (6), wherein the micro voids in the low refractive index layer are enclosed with the inor- 
ganic particles and the polymer. 

(10) A display device having, on its display screen, an anti-reflection film which comprises a high refractive index 
layer having a refractive index of 1.65 to 2.40 and a low refractive index layer having a refractive index of 1.20 to 

45 1 .55. wherein the high refractive index layer comprises inorganic fine particles having a mean particle size of 1 to 
200 nm in an amount of 5 to 65 vol.% and a crosslinked anionic polymer in an amount of 35 to 95 vol.%. 

(11 ) An anti-reflection film comprising a low refractive index layer having a refractive index of 1 .20 to 1 .55, wherein 
the low refractive index layer comprises inorganic fine particles having a mean particle size of 0.5 to 200 nm in an 
amount of 50 to 95 wt.% and a polymer in an amount of 5 to 50 wt.%. and two or more of the particles are piled up 

50 to form micro voids among the particles. 

(12) The anti-reflection film of (11), wherein the low refractive index layer has a void volume in the range of 3 to 50 
vol.%. 

(13) The anti-reflection film of (11). wherein the inorganic fine particles in the low refractive index layer are coated 
with a shell of polymer. 

55 (14) The anti-reflection film of (1 1). wherein the micro voids in the low refractive index layer are enclosed with the 
inorganic particles and the polymer. 

(15) A display device having, on its display screen, an anti-reflection film which comprises a low refractive index 
layer having a refractive index of 1 .20 to 1 .55. wherein the low refractive index layer comprises inorganic fine par- 
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tides having a mean particle size of 0.5 to 200 nm in an anx)unt of 50 to 95 wt.% and a polymer In an amount of 5 
to 50 wt.%. and two or more of the particles are piled up to form micro voids amor^ the particles. 

[0022] According to the study of the inventors, the inorganic particles in the high refractive index layer can be finely 
5 dispersed and the layer can be formed of that fine dispersion maintained by incorporating the crosslinkable anionic 
monomer in an amount of 35 to 95 vol.%. Before forming the high refractive Index layer, the anionic monomer polymer- 
izable to form the anionic polymer serves as an excellent dispersant for the inorganic particles. After forming the layer, 
the anionic monomer is polymerized and crosslinked to form the anionic polymer. The inorganic particles are firmly 
bound with the crosslinked anionic polymer to impart excellent strength to the layer. 
10 [0023] The inventors also succeeded in binding the inorganic particles in the low refractive index layer with a poly- 
mer without filling the micro voids with the polymer. Two or nriore of the particles are piled up to form the micro voids by 
the surrounding particles to give a very low refractive index. Further, since the particles are bound with the polymer, sat- 
isfying strength can be given. Furthermore, since the micro voids are not filled with the polymer, they give the low refrac- 
tive layer having a well lowered refractive Indexr. 
15 [0024] Thus improved high or low refractive index layer can be easily formed by employing a coating method, and 
hence is suitable for mass-production. In an anti-reflection film comprising both high and low refractive index layers, the 
film strength can be improved by combining those improved layers. Further, in a display device, the reflection of light on 
the display saeen can be effectively reduced using thus improved anti -reflection film. 

20 P R I EF PES CRIPTIQN OF THE PRAWINQS 
[0025] 

Figure 1 shows schematic cross-sectional views of various examples of the anti-reflection film. 
25 Figure 2 is a schematic cross-sectional view of the high refractive index layer. 
Figure 3 is a schematic cross-sectional view of the low refractive index layer. 

EMBO D IMENTS QF THE INVEN TION 

30 [Layer structure of anti-reflection film] 

[0026] By referring to Figure 1. the layer structure of the anti-reflection film is explained below. 
[0027] Figure 1 shows cross-sectional views of various examples of the anti-reflection film. 
[0028] The embodiment shown in Rgure 1 (a) comprises a transparent support (3), a hard coating layer (2), and a 
35 low refractive Index layer (1) superposed in order. 

[0029] If the arrti-ref lection film is provided on a surface of hard material such as glass (e.g., on a display screen of 
CRT, or on a lens of glasses or camera), the hard coating layer (2) and the low refractive index layer (1) may be directly 
formed on the surface with using no transparent support (3). 

[0030] The embodiment shown in Figure 1 (b) comprises a transparent support (3), a hard coating layer (2), a high 
40 refractive index layer (4) and a low refractive index layer (1) superposed in order. 

[0031] Generally in a film comprising both high and low refractive index layers such as the film of Rgure 1 (b). the 
high refractive index layer (4) and the low refractive index layer (1) preferably satisfy the following formulas (1) and (II), 
respectively, as described in Japanese Patent Provisional Publication No. 59-60401 : 

''^ ^Xx0.7<n^d^<!^kx1.3 (I) 



in which m represents a positive integer (generally 1 , 2 or 3), n-| represents a refractive index of the high refractive index 
50 layer, d^ represents a thickness (nm) of the high refractive Index layer; and 

^A.x0.7<n2C/2<jA.x1.3 (II) 

55 

In which n represents a positive odd number (generally 1), rig represents a refractive index of the low refractive index 
layer, and 6^ represents a thickness (nm) of the low refractive index layer. 

[0032] The embodiment shown in Figure 1 (c) comprises a transparent support (3). a hard coating layer (2). a mid- 
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die refractive index layer (5). a high refractive irxlex layer (4) and a low refractive index layer (1) superposed In order. 
[0033] In a film comprising middle, high and low refractive index layers such as the film of (c), the middle, high and 
Ibw refractive index layers preferably satisfy the following formulas (III) to (V). respectively, as described in Japanese 
Patent Provisional Publication No. 59-50401: 

5 

^Xx0.7<n^d^<^Xx^.3 (HI) 



10 in which h represents a positive integer (generally 1 , 2 or 3), ng represents a refractive index of the middle refractive 
index layer, dg represents a thickness (nm) of the middle refractive index layer; 

^Xx0.7<n4(y4<^A-x1.3 (IV) 

1$ 

In which j represents a positive integer (generally 1 . 2 or 3). n4 represents a refractive index of the high refractive Index 
layer, d4 represents a thickness (nm) of the high refractive index layer; and ^ 

, |xx0.7</?5Cf5<|A.x1.3 (V) 



in which k represents a positive odd number (generally 1), represents a refractive index of the low refractive index 

25 layer, and ds represents a thickness (nm) of the low refractive index layer 

[0034] The high or low refractive index layer inrproved according to the invention can be employed for the anti- 
reflection films of layered structures. Even in combination with a conventional low refractive index layer, the high refrac- 
tive index layer of the invention effectively improves the anti-reflection film. Also, the low refractive index layer of the 
invention effectively improves the film even in combination with a conventional high refractive index layer. Further, even 

30 without the high refractive index layer, the low refractive index layer of the invention can give an excellent anti-reflection 
film as shown in Figure 1 (a). Of course, a combination of the high and low refractive index layers of the invention gives 
a remarkably improved film. 

[0035] The conventional high and low refractive index layers are described in publications of prior art, and hence 
the high refractive index layer and the low refractive index layer improved according to the invention are explained below 
35 in this order. 

[High refractive index layer] 

[0036] Figure 2 is a schematic cross-sectional view of a high refractive index layer. Atove the high refractive index 
40 layer of Figure 2. a low refractive index layer is placed. A display device or a lens is placed below the high refractive 
index layer. 

[0037] The high refractive index layer (4) of Figure 2 contains no voids, and a polymer (42) is charged between inor- 
ganic fine particles (41). In the high refractive index layer (4), the inorganic fine particles (41) having a mean particle 
size of 1 to 200 nm are piled up (in Figure 2, three particles are piled up). Between the inorganic fine particles (41), the 
45 crosslinked anionic polymer (43) is incorporated. 

[0038] The high refractive index layer has a refractive index of 1 .65 to 2.40, preferably 1 .70 to 2.20. The refractive 
index can be determined by an Abbe's refractometer. or estimated according to light reflection on the surface of the 
layer. 

[0039] The thickness of the high refractive index layer preferably is in the range of 5 nm to 1 00 ^m, more preferably 
so 10 nm to 10 nm, and further preferably 30 nm to 1 jxm. 

[0040] The haze of the high refractive index layer is preferably in the range of not higher than 5 %, more preferably 
not higher than 3 %, and further preferably not higher than 1%. 

[0041] The high refractive index layer improved according to the invention has an excellent strength. The layer pref- 
erably has a mechanical strength of not lower than H, more preferably not lower than 2H, further preferably not lower 
55 than 3H in terms of pencil grades under a load of 1 kgw. 
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(Inorganic fine particles in high refractive index layer] 

[0042] Inorganic fine partidee in the high refractive index layer preferably have a refractive index of 1 .80 to 2.80. 
more preferably 1 .90 to 2.80. 

5 [0043] The weight mean size of the inorganic fine particles in primary particles is preferably in the range of 1 to 1 50 
nm, more preferably 1 to 100 nm, further preferably 1 to 80 nm. 

[0044] In the formed high refractive index layer, the inorganic fine particles have a weight mean size of 1 to 200 nm, 
prderably 5 to 150 nm, more preferably 10 to 100 nm. and further preferably 10 to 80 nm. 
[0045] TTie particle size can be determined t>y light-scattering or electron micrography. 
10 [0046] The inorganic fine particles preferably have a specific surface area of 10 to 400 m^/g, more preferably 20 to 
200 nr^/g, further preferably 30 to 150 m^/g. 

[0047] Preferably, the inorganic fine particles are made of metal oxides or sulfides. Examples of the metal oxides or 
sulfides include titanium dioxide (e.g.. of rutile, mixed crystal of rutile/anatase, anatase. amorphous structure), tin oxide, 
indium oxide, zinc oxide, zirconium oxide, and zinc sulfide. Preferred are titanium oxide, tin oxide, and indium oxide. The 
15 inorganic fine particles may contain other elements, as well as those oxides or sulfides of main component. The term 
of "main component" here means a component contained in the largest content {wt.%). Examples of the other elements 
Include Ti. 2r, Sn, Sb, Cu, Fe, Mn, Pb. Cd. As. Cr, Hg, Zn, Al, Mg, Si. P. and S. 

[0048] The inorganic fine particles may be subjected to surface treatment, which can be performed using inorganic 
corrpounds or organic compourxis. Examples of the inorganic compounds include alumina, silica, zirconium oxide, and 
20 iron oxide. Alumina and silica are preferred. Examples of the organic compounds include polyd. alkanolamlne. stearic 
acid, silane coupling agents, and titanate coupling agents. Silane coupling agents are particularly preferred. These may 
be used in combination. 

[0049] The shape of the inorganic fine particles preferably is grain shape, globular shape, cubic shape, droplet 
shape, or irregular shape. 

25 [0050] Two or more kinds of inorganic fine particles may be contained in the high refractive index layer. 

[0051] The high refractive index layer contains the inorganic fine particles in an amount of 5 to 65 vol.%. preferably 
10 to 60 vol.%, more preferably 20 to 55 vol.%. 

[0052] In forming the high refractive index layer, the particles are incorporated in the form of dispersion. The 
medium of the dispersion preferably is a liquid having a boiling point of 60 to 170**C. Examples of the liquid medium 

30 include water, alcohols (e.g.. methanol, ethanol. isopropanol, butanol], and benzyl alcohol), ketones (e.g.. acetone, 
methyl ethyl ketone, methyl isobutyl ketone, and cyclohexanone), esters (e.g.. methyl acetate, ethyl acetate, propyl ace- 
tate, butyl acetate, methyl formate, ethyl formate, propyl formate, and butyl formate), aliphatic hydrocarbons (e.g., hex- 
ane andcydohexane). halogenated hydrocarbons (e.g.. methylene chloride, chloroform, and carbon tetrachloride), 
aromatic hydrocarbons (e.g., benzene, toluene, and xylene), amides (e.g.. dimethylformamide. dimethylacetamide, and 

35 N-methylpyn'olidone), ethers {e.g.. diethyl ether, dioxane. and tetrahydrofuran), and ether alcohol (e.g., 1-methoxy-2- 
propanol). Prefen-ed are toluene, xylene, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone. and butanol. 
[0053] The inorganic fine particles can be dispersed in the liquid medium by means of a dispersing machine such 
as a sand grinder mill {e.g., a beads-mill equipped with pins), a high speed impeller mill, a pebble mill, a roller mill, an 
attriter, and a colloid mill. A sarxj grinder mill and a high speed impeller mill are particularly preferred. Prior to dispers- 

40 ing, pre-dispersing nnay be performed. Exanples of the dispersing machine for pre-dispersing include a bail mill, a 
three-roller mill, a kneader, and an extruder. 

[Binder in high refractive index layer] 

45 [0054] The high refractive index layer of the invention is characterized by using a crosslinked anionic polymer. 
[0055] The crosslinked anionic polymer has a crosslinked main chain having anionic groups, which maintain the 
dispersion of the inorganic fine particles in the liquid medium. The crosslinked structure gives film-formability so as to 
enhance the high refractive index layer. 

[0056] Examples of the main chain include those of potyolef in (saturated hydrocarbon), polyether, polyurea, poly- 
50 urethane, polyester, polyamine. polyamide, and melamine resin. The main chains of polyolefin. polyether, and polyurea 
are pr f erred. More preferred are those of polyolefin and polyether, and the main chain of polyolefin is further preferred. 
[0057] The main chain of polyolefin consists of saturated hydrocarbons, and is. for example, prepared by addition 
polymerization of unsaturated polymerizat>le groups. The main chain of polyether consists of repeating units combined 
with ether tending (-0-), and is. for example, prepared by ring-opening polymerization of epoxy groups. The main chain 
55 Of polyurea consists of repeating units combined with urea bonding (-NH-CO-NH-). and is, for example, prepared by 
condensation potymerizatk)n between isocyanate group and amino group. The main chain of polyurethane consists of 
repeating units combined with urethane bonding (-NH-CO-0-), and is, for exannple. prepared by condensation polym- 
erization between isocyanate group and hydroxyl group (including N-methylol group). The main chain of polyester con- 
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sists of repeating units combined with ester bonding (-CO-0*). and is. for example, prepared by condensation 
polymerization between carboxyl group (including add halide group) and hydrcxyl group (including N-methyiol group). 
The main chain of polyamine consists of repeating units combined with imino bonding (-NH-), and is, for example, pre- 
pared by ring-opening polymerization of an ethylene imine group. The main chain of potyamide consists of repeating 

5 units combined with amido bonding (-NH-CX)-). and is. for example, prepared by reaction between isocyanate group 
and cartx>xyl group (including add halide group). Melamtne resin has a crosslinked main chain, which can be prepared 
by condensation polymerization between triazine group (e.g., melamine) and aldehyde (e.g.. formaldehyde). 
[0058] The anionic group is combined with the main chain of the polymer directly or via a linking group. Preferably, 
the anionic group is present as a side chain combined with the main chain via a linking group. 

10 [0059] Examples of the anionic groups include carboxylic group, sulfonic add group (sulfb group), and phosphoric 
ackf group (phosphono group). Sulfonic add group and phosphoric acid group are preferred. The anionic group may be 
in the form of salts. In that case, cations forming the salt with the anionic group preferably are alkali metal ions. The ani- 
onic group may be dissociated to release a proton. Examples of the linking groups connecting the anionic group and 
the main chain include -CO-, -0-. alkyiene group, arylene group, and a divalent group derived from combination of 

IS these. 

[0060] In the crosslinked structure, two or more main chains are chemically bonded (preferably with covalent 
t>onds). The crosslinked structure preferably comprises three or more main chains combined with covalent tx>rxjs. Pref- 
erably, the crosslinked structure contains -CO-, -0-, -S-, nitrogen atom, phosphorus atom, aliphatic residue, aromatic 
residue, and a divalent group derived from combination of these. 
20 [0061] As the polymer, a copolymer comprising a repeating unit having an anionic group and one having a 
crosslinked structure is preferably used. The repeating unit having an anionic group is preferably contained in an 
amount of 2 to 96 wt.%, vnore preferably 4 to 94 wt.%, further preferably 6 to 92 wt.%. That repeating unit may have two 
or nrK>re kinds of anionic groups. 

[0062] The repeating unit having a crosslinked structure is preferably contained in an amount of 4 to 98 wt.%, more 

25 preferably 6 to 96 wt.%. further preferalrfy 8 to 94 wt.%. 

[0063} The polymer may comprise a repeating unit having both an anionic group and a crosslinked structure. 
[0064] In the polymer, other repeating units (having neither anionic group nor crosslinked structure) may be con- 
tained. Preferred other repeating units include a repeating unit having an amino group or a quaternary ammonium 
group, or one having a benzene ring. Similarly to anionic groups, the amino group and the quaternary ammonium group 

30 maintain the dispersion of the inorganic fine partides. The benzene ring increases the refractive index of the high 
refractive index layer. Those effects of amino group, quaternary ammonium group and benzene ring can be obtained 
even if they are incorporated in the repeating unit having an anionic group or a crosslinked structure. 
[0065] In the repeating unit having an amino group or a quaternary ammonium group, tiie amino or quaternary 
ammonium group is combined with the main chain of the polymer directly or via a linking group. Preferably, the group is 

35 present as a side chain combined witii the main chain via a linking group. Preferred amino or quaternary ammonium 
group is secondary amino group, tertiary amino group, or quaternary ammonium group. Tertiary amino group and qua- 
ternary ammonium group are nwre prefen-ed. The nitrogen atom of secondary amino group, tertiary amino group, or 
quaternary ammonium group is preferably connected to an alkyi group, more preferably an alkyi group having 1 to 12 
cart)on atoms, further preferably an alkyi group having 1 to 6 carbon atoms. The counter ion of the quaternary ammo- 

40 nium group preferably is a halide ion. Examples of tiie linking groups connecting tiie amino or quaternary ammonium 
group and the main chain indude -CO-. -NH-, -0-. alkyiene group, arylene groi^D, and a divalent group derived from 
combination of these. 

[0066] If the polymer contains the repeating unit having an amino or quaternary ammonium group, the content of 

that unit is preferably in the range of 0.06 to 32 wt.%. more preferably 0.08 to 30 wt.%. further preferably 0.1 to 28 wt.%. 
45 [00671 In tiie repeating unit having a benzene ring, the ring is combined with the main chain of the polymer directiy 

or via a linking group. Preferably, the ring is present in a side chain combined with the main chain via a linking group. 

The benzene ring may have a substituent (e.g., alkyi group, hydroxyl group, halogen atom). Examples of the linking 

groups connecting the benzene ring and the main chain include -CO-, -0-, alkyiene group, arylene group, and a divalent 

group derived from combination of these. 
50 [0068] If the polymer contains the repeating unit having a benzene ring, the content of that unit is preferably in the 

range of 2 to 98 wt.%, more preferably 4 to 96 wt.%, further preferably 6 to 94 wt.%. 

[0069] In a polymer having a particularly preferred main chain of polyolefin, examples of a repeating unit having an 
anionic group (VI). a repeating unit having a crosslinked structure (VII). a repeating unit having tjoth an anionic group 
and a crosslinked structure (VMI), a repeating unit having an amino or quaternary ammonium group (IX), and a repeat- 
55 ing unit having a t^enzene ring (X) are shown below. 
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In the formula, is hydrogen atom or methyl group. L"* is a divalent linking group, and An is a carboxylic group, sulfonic 
acid group or phosphoric acid group. 

[0070] In the tormula (VI), 0 preferably is a divalent linking group selected from the. group consisting of -CO-. -0-, 
alkyiene group, arylene group, and a divalent group derived from combination of these. The alkylene group preferably 
has 1 to 20, more preferably 1 to 15. further preferably 1 to 10 cart>on atoms, and may form a ring. The arylene group 
preferably has 6 to 20, more preferably 6 to 1 5. further preferably 6 to 1 0 carbon atoms. The alkylene and arylene group 
may have a substituent (e.g.. alkyi group, hydroxyl group, halogen atom). 

[0071] Concrete exannples of are shown below. In each following formula, the left and right ends are connected 
to the main chain and An. respectively AL and AR represent an alkylene group and an arylene group, respectively 



L"" ^: -CO-0-AL-(0-CO-AL)mr a positive integer) 

L^^: -CO-0-(AL-0)rn2-AR-AL-AR-{0-AL)m3-(each of m2 and m3 is a positive integer) 

L^^: -CO-O-AL- 

U'*: -CO-O-AL-O-CO- 

^: -CO-O-AL-O-CO-AR. 

^: -CO-O-AL-O-CO-AL- 

[0072] The carboxylic group, sulfonic acid group or phosphoric acid group of An in (VI) is described before. 
[0073] The repeating unit of (VI) can be prepared by condensation polymerization of corresponding ethylenic 
unsaturated monomers. Examples of the ethylenic unsaturated monomers indude: brs(polyoxyethylene polycyclic phe- 
nylether) methacrylate sulfuric ester salt, 2-suIfbethyl methacrylate, phthalic nrTonohydroxyethylacryiate, acrylic acid 
dimer. 2-acrylolyoxyethyihydrogen phthalate. 2-acrylolyoxypropylhydrogen phthalate. 2-acrylolyoxypropylhexahydrohy- 
drogen phthalate, 2-acrylolyoxypropyltetrahydrohydrogen phthalate, p-acryfolyoxyethylhydrogen succinate, p-meth- 
acrylolyoxyethylhydrogen fumarate, p-methacrylolyoxyethylhydrogen succinate, mono(2-acryloyloxyethyi)acid 
phosphate, and morx)(2-methacryloyioxyethyl)acld phosphate. Commercially available ethylenic unsaturated mono- 
mers having these anionic groups are also employable. 



-CH 




(VII) 



In the formula. R^ is hydrogen atom or methyl group, n is an integer of not less than 2, and is a hydrocartwn residue 
of n-valent. 

[0074] In the formula (VII). n is preferably an integer of 2 to 20. more preferably 2 to 10, further preferably 3 to 6. 
The residue of preferably is an aliphatic residue (more preferably a saturated aliphatic residue). The aliphatic residue 
may contain an ether bond (-0-). and nr>ay have a branched chain. Preferably, the residue of comprises 1 to 20, more 
preferably 2 to 15, further preferably 3 to 10 carbon atoms. 

[0075] The repeating unit of (VII) can be prepared by condensation polymerization of corresponding ethylenic 
unsaturated monomers, which are esters between (meth)acrylic acid and polyhydric alcohols or phenols (preferably, 
polyhydric alcohols) corresponding to L^-i-OH)^. Examples of the ethylenic unsaturated monomers include: neopentyl 
glycol acrylate. 1 ,6-hexanediol acrylate. alkylene glycols such as propylene glycol diacrylate. triethylene glycol diacr- 
ylate. dipropylene glycol diacrylate. polyethylene glycol diacrylate. polypropylene glycol diacrylate, pentaerythritol dia- 
crylate. bis{4-(acryloxydiethoxy)phenyI}propane, bis{4-{acryloxy • polypropoxy)phenyl)propane, trimethylotpropane 
tri(meth)acrylate, trimethylolethane tr!(meth)acrylate. 1,2.4-cyclohexane tetramethacrylate, pentaglycelol triacrylate, 
pentaerythritol tetra(meth)acrylate, pentaerythritol tri(meth)acrylate. (di)pentaerythritol triacrylate. (di)pentaerythritol 
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pentaacrylate, (di)p6ntaerythrrtol t6tra(mQth)acrylate, (di)p6rnaerythrrtol hexa(m6th)acrylate, tripentaerythritol triacr- 
ytate, and tiipentaerythritoi hexatriacrylate. Commercially available esters between (m6th)aaylic acid and pdyhydric 
alcohols are also employable. 
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— CH2-C — 

L^2 COOH 
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R33R34 



(Vlll-b) 



15 



20 



25 



In the formulas, each of R^^, R^^ and R^^ Independenliy is hydrogen atom or methyl group, and each of L^^ and 
L^^ Is independently a divalent linldng group. 

[0076] In the formulas (Vlll-a) and (Vlli-b). each of L^'' and L^^ preferably is a divalent linking group selected from 
the group consisting of -CO-. -0% alkylene group, arylene group, and a divalent group derived from combination of 
these. The alkylene group preferably has 1 to 20. more preferably 1 to 15, further preferably 1 to 10 cartwn atoms, and 
may form a ring. The arylene group preferably has 6 to 20. more preferably 6 to 15. further preferably 6 to 10 cartxn 
atoms. The alkylene and arylene group may have a substituent (e.g.. alkyi group, hydroxyl group, halogen atom). 
[0077] Concrete examples of L^"* and L^^ are the same as those described for L"" (i.e.. L^^ to L**^). 
[0078] The repeating units of (Vlll-a) and (Vlll-b) can be prepared by condensation polymerization of corresponding 
ethylenic unsaturated monomers. Examples of the ethylenic unsaturated monomers for (Vlll-a) include a reaction prod- 
uct between phosphoric acid anhydride and 6-hexanotlde addition polymer of 2-hydroxyethylmethacrylate. bis(meth- 
acryloxyethyljphosphate, 2-acrytoyloxyethyl acid phosphate, and 2-methacrytoy)oxyethyl acid phosphate. Exannples of 
the ethylenic unsaturated monomers for (Vlll-b) include p-acrylolyoxyethyihydrogen fumarate. and p-acrylolyoxyethyl- 
hydrogen maleate. Commercially available ethylenic unsaturated monomers are also employable. 



30 
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L^— Am 



(IX-a) 



— C-CH2 — 
R43 



(IX-b) 
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In the formulas, each of R'*^ , R^^ and R"^^ independently is hydrogen atom or methyl group, each of L^, L"^* and L'* inde- 
pendently ia a divalent linking group, and Am is an amino group or a quaternary ammonium group. 
[0079] In the formulas (IX-a) and (IX-b). each of L"^. and L'*'' preferably is a divalent linking group selected from 
the group consisting of -CO-, -NH-, -0-, alkylene group, arylene group. arxJ a divalent group derived from combination 
of these. The alkylene group preferably has 1 to 20, more preferably 1 to 15, further preferably 1 to 10 cartx)n atoms, 
and may form a ring. The arylene group preferably has 6 to 20, more prefaably 6 to 15, further preferably 6 to 10 carbon 
atoms. The alkylene and arylene group may have a substituent (e.g., alkyl group* hydroxyl group, halogen atom). 
[0080] Concrete examples of L^. L^^ and L^^ are shown below. In each following formula, the left and right ends are 
connected to the main chain and Am, respectively AL represents an alkylene group. 



L41 
L42 
I 43 



-CO-O-AL- 

-CO-O-NH-AL- 

-AL- 



[0081] The amino group or quaternary ammonium group of Am in (IX-a) and (IX-b) is described before. 
55 [0082] The repeating units of (IX-a) and (IX-b) can be prepared by condensation polymerization of corresponding 
ethyl nic unsaturated monomers. Examples of the ethylenic unsaturated nrwnomers for (IX-a) include dimethytaminoe- 
thyl acrylate, dimethylaminopropyl acrylamide. methacrylic acid hydroxypropyltrimethylammonium, chloride, dimethyl- 
aminopropyl methacryiamide, and methacrylamidepropyl trimethylammonium chloride. Examples of the ethylenic 
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unsaturated monomers for (IX-b) include diacryldimethylaninionium chloride. Commercially available ethylenic unsatu 
rated monomers having amino group or quaternary ammonium group are also employable. 



In the formula. R^^ is hydrogen atom or methyl group; is hydrogen atom, carboxyl group, an alkyi group having 1 to 
6 carlxjn atoms, or a halogen atom; and is a monovalent bond or a divalent linking group. 

[0083] If R^^ is carboxyl group in the formula (X), R^ is preferably connected to the ortho position of the benzene 



[0084] In the formula (X), preferably is a divalent group derived from combination of -CO-, -O- and alkylene 
group. The alkylene group preferably has 1 to 20, more preferably 1 to 15. further preferably 1 to 10 carbon atoms, and 
may form a ring. The alkylene group may have a substituent (e.g.. alkyI groups, hydroxyl group, halogen atoms). 
[0085] Concrete examples of are shown below. In each following formula, the left and right ends are connected 
20 to the main chain and the benzene ring, respectively. AL represents an alkylene group. 

L^: monovalent bond 

L^'': -C0-0-(AL-0)m4- (m4 is a positive integer) 
L^^: -CO-O-AL- 



[0066] The repeating unit of (X) can be prepared by condensation polymerization of corresponding ethylenic 
unsaturated monomers. Examples of the ethylenic unsaturated monomers include phenoxyethyl acrylate. phenoxypoi- 
yethylene glycol acrylate. 2-hydroxy-3-phenoxypropyl acrylate, 2-acryloy!oxyethyl-2-hydroxyethylphthalic add, arxJ 2- 
acryloyloxyethylphthalic acid. Commercially available ethylenic unsaturated monomers having benzene ring are also 
30 enrployable. 

[0087] If the polymer has a main chain of polyether derived from epoxy group, repeating units in which the oxygen 
atom {-0-) is connected to the left end of the ethylene group (-CHg-) of the above-described repeating units are usable. 
[0088] The crosslinked anionic polymer is preferably formed in the following manner. During or after applying the 
coating liquid (aforementioned dispersion of inorganic fine particles) for the high refractive index layer, the monomers 

35 are added to the liquid arxl polymerized to form the polymer. The monomers having anionic group serve as dispersants 
for the inorganic particles in the coating liquid, and are preferably incorporated in an amount of 1 to SO wt.%. more pref- 
erably 5 to 40 wt.%, further preferably 10 to 30 wt.%. On the other hand, the nxjnomers having amino group or quater- 
nary ammonium group serve as a dispersing aid in the coating liquid, and are preferably used in an amount of 3 to 33 
wt.% based on those having an anionic group. If the polymer is formed during or after applying the coating liquid, those 

40 monomers effectively work before the application. 

[0089] The reaction for forming the polymer may be photopolymerization or thermal polymerization. Photopolymer- 
ization is preferred. 

[0090] For polymerization reaction, polymerization initiators are preferably used. Examples of polymerization initi- 
ators include acetophenones. benzoins, benzophenones. phosphine oxides, ketals, anthraquinones, azo compounds, 

45 peroxides, 2.3-dialkyldione compounds, disulfide conpounds. fluoroamine compounds, and aromatic sulfoniums. 
Examples of acetophenones include 2,2-dietiioxyacetophenone, p-dimethylacetophenone, 1-hydroxydimethylphenyl 
ketone. 1-hydroxycyclohexylphenyl ketone, 2-methyl-4-methylthio-2-morpholinopropiophenone. and 2-benzyl-2- 
dimethylamino-1-(4-morpholinophenyl)butanone. Examples of benzoins include benzoin metiiyl etiier, benzoin etiiyl 
ether, and benzoin isopropyl ether. Examples of benzophenones include benzophenone, 2,4-dichlorol>enzophenone, 

50 4,4-dichlorobenzophenone, and p-chlorobenzophenone. Examples of phosphine oxides include 2,4.6-trimethylben- 
zoykiiphenylphosphine oxide. Commercially available polymerization initiators can be also used. In addition to the initi- 
ators, polymerization promoters may be used. The amount of polymerization initiators and promoters are in the range 
of 0.2 to 10 wt.% based on the total amount of tiie monomers. 

[0091] If the polymer is formed by photopolymerization, light sources such as (ow pressure mercury lamp, high 
55 pressure mercury lamp, ultra-high pressure rhercury lamp, chemical lamp and metal halide lamp are used. A high pres- 
sure mercury lamp is preferred because it gives good radiation efficiency. 

[0092] For promoting the polymerization of the monomers (or oligomers), the coating liquid (i.e.. dispersion of inor- 
ganic fine particles containing the monomers) may be heated. The polymer formed by photopolymerization may be fur- 
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ther heated to aceterate thermosetting reaction. 

[0093] Since the anionic polymer is crossllnked. rt is difficult to regulate its molecular weight. 
[0094] The amount of the crosslinked anionic polymer in the high refractive index layer is in the rar>ge of 35 to 95 
vol.%, preferal)ly 40 to 90 vol.%, more preferably 44 to 80 vol.%. 
5 [0095] Besides the aforementioned components (inorganic fine particles, polymer, dispersing medium, polymeriza- 
tion initiator, polymerization promoter), the high refractive index layer or the coating liquid for the layer may contain other 
agents such as polymerization inhibitors, leveling agents, thickening agents, anti-coloring agents, UV absorbers, silane 
coupling agents, anti-static agent, and adhesion improvers. 

[0096] Examples of the leveling agents include fluorinated alkyi esters (e.g.. FC-430. FC-431 [trade names], Sum- 
10 itomo 3M Co., Ltd,), and polysiloxanes (e.g.. SF1023. SF1054. SF1079 [trade names], General Electric; DC190, 
DC200, DC510. DC1248 [trade names], Dow Corning; and BYK300, BYK310. BTK320, BYK322, BYK330, BYK370 
[trade names], BYK Chemie). 

[Low refractive index layer] 

15 

[0097] Figure 3 is a schematic cross-sectional view of a low refractive index layer. The upper surface of the low 
refractive Index layer of Figure 3 is the surface of the anti-reflection film. A display device or a lens is placed below the 
layer of Figure 3. 

[0098] As shown in Figure 3, the low refractive index layer (1 ) is porous. In the low refractive index layer (1 ) , the inor- 
20 ganic fine particles (11) having a mean particle size of 0.5 to 200 nm are piled up (in Figure 3, three particles are piled 
up). Between the inorganic fine particles (1 1), micro voids (1 2) are formed. The low refractive index layer (1) further con- 
tains polymer (13) in an amount of 5 to 50 wt.%. The polymer (13) combines the particles (11). but does not fills the 
micro voids (12). As shown in Figure 1. the micro voids (12) are preferably not opened but enclosed with the polymer 
(13) and the inorganic fine particles (1 1). 
25 [0099] The low refractive index layer has a refractive index of 1 .20 to 1 .55. preferably 1 .30 to 1 .55. more preferably 
1 .30 to 1 .50. further preferably 1 .35 to 1 .45. 

[0100] The thickness of the low refractive index layer is preferably in the range of 50 to 400 nm, more preferably 50 
to 200 nm. 

[0101] The haze of the low refractive index layer is preferably in the range of not more than 3 %, more preferably 
30 not more than 2 %, further preferably not more than 1 %. 

[0102] The low refractive index layer improved according to the invention has excellent strength. The layer prefera- 
trfy has a mechanical strength of not less than H, more preferably not less than 2H, further preferably not (ess than 3H 
in terms of pencil grades under a load of 1 kgw. 

35 [Inorganic fine particles in low refractive Index layer] 

[0103] Inorganic fine particles in the low refractive index layer have a mean particle size of 0.5 to 200 mm. As the 
particle size increases, forward scattering of the layer increases. If the particles have a mean particle size of more than 
200 nm. scattered light is colored. Accordingly, the mean particle size is preferably in the range of 1 to 100 nm, more 
40 preferably 3 to 70 nhi. further preferably 5 to 40 nm. The inorganic fine partides preferably have uniform sizes (i.e. . mon- 
odispersed). 

[0104] The inorganic fine particles in the low refractive index layer are preferably made of metal oxides, nitrides, 
sulfides, or halides. Metal oxides and metal halides are preferred, and metal oxides and metal fluorides are particularly 
prefened. Examples of preferred metal elements include Na, K, f^g, Ca, Ba. Al, Zn, Fe, Cu, Ti, Sn. In. W, Y, Sb, Mn. Ga, 
45 V. Nb. Ta, Ag. Si. B, Bi, Mo. Ce. Cd, Be. Pb. and Ni. Further preferred metals are Mg. Ca. B. and Si. Inorganic com- 
pounds containing two or more metals may be also used. 

[01 05] Particularly preferred inorganic compounds are alkali metal fluorides (e.g., NaF. KF), alkaline earth metal flu- 
orides (e.g.. CaFg, MgF2), and silicon dioxide (SiOs). 

[0106] The inorganic fine particles in the tow refractive index layer preferably are amorphous. 
50 [0107] The inorganic fine particles can be directly prepared in the form of dispersion by sol-gel method (described 

in Japanese Patent Provisional Publication No. 53-1 12732, Japanese Patent Publication No. 57-9051) or deposition 

method (described in Applied Optics, 22X1 988), pp. 3356). Othenwise, the powder obtained by dryisredpitation method 

may be mechanically pulverized to prepare the dispersion. Commerdally available inorganic fine particles (e.g., sol of 

silicon dioxide) are also usable. 
55 [0108] For forming the low refractive index layer, the inorganic fine partides are preferably dispersed in a proper 

medium. Examples of the medium include water, alcohols (e.g., methanol, ethanol, isopropanol). and ketones (e.g., 

methyl ethyl ketone, methyl Isobutyl ketone). 

[0109] The low refractive index layer contains the inorganic fine particles in an amount of 50 to 95 wt.%. preferably 
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50 to 90 wt.%. more preferably 60 to 90 wt.%, lurther preferably 70 to 90 wt.%, based on th total amount of the layer 
[Micro voids In low refractive Index layer] 

5 [0110] In the low refractive index layer, two or more of the inorganic particles are piled up to form micro voids 
between the particles. The void volume is preferably in the range of 3 to 50 vol.%. more preferably 5 to 35 vol.%. 
[0111] If globular fine particles having equal sizes (completely monodispersed sizes] are charged in closest pack- 
ing, the void volume is 26 vol.%. On the other hand, the particles of equal sizes charged in primitive cubic packing give 
the void volume of 48 vol.%. Since the sizes of practical particles are distributed in a certain extent, the low refractive 

10 index layer practically has a void ratio lower than the above values. 

[0112] If the void volume (space of micro voids) increases, the refractive index of the low refractive index layer 
decreases. In the invention, since the inorganic fine particles are piled up to form the micro voids, the sizes of the micro 
voids can be easily controlled at a proper value (a value which neither scatters light nor impairs the mechanical strength 
of the layer) by adjusting the sizes of the particles. Further, by making the sizes of the particles uniform, those of the 

15 micro voids can be also made uniform so as to prepare the low refractive index layer having uniform optical character- 
istics. Thus prepared low refractive index layer is microscopically a porous film containing micro voids, but is optically 
or macroscopicaliy a uniform film. 

[Oil 3] Owing to the miao voids, the low refractive index layer has a macroscopic refractive index smaller than the 
total of refractive indexes of the fine particles and the polymer. The refractive index of the layer is a total of the refractive 
20 index per volume of each component and the refractive indexes of the fine particles and the polymer are above 1 while 
that of air is 1 .00. Therefore, the micro voids can give the low refractive index layer having a very low refractive index, 
[01 1 4] The micro voids are preferably enclosed with the inorganic fine particles and the polymer in the low refractive 
index layer. As compared with voids having apertures on the surface of the layer, the enclosed voids scatter relatively 
small amount of light. 

25 

[Polymer in low refractive index layer] 

[0115] The low refractiye index layer contains a polymer in an amount of 5 to 50 wt.%. The polymer combines the 
inorganic fine particles, and supports the layer containing the micro voids. The amount of the polymer is adjusted so 
30 that the micro voids may not be filled with the polymer and so that the layer may have enough strength, and preferably 
is in the range of 10 to 30 wt.% based on the total amount of the layer. 

[0116] For combining the inorganic fine particles with the polymer, the following methods are preferred. 

(1) The inorganic fine particles are treated with a surface treatment agent, and then the polymer is combined with 
35 the agent on the particles. 

(2) Each particle is coated as a core with a shell of the polymer, to form a core-shell structure. 

(3) The polymer is used as a binder for the inorganic fine particles. 

[0117] The polymer (1) combined with the surface treatment agent preferatrfy is the same as the shell polymer (2) 
40 or the binder polymer (3). The shell polymer (2) is preferably formed around the particles by polymerization before the 
coating liquid for the low refractive index layer is prepared. For forming the polymer (3), the corresponding monomers 
are added into the coating liquid and polymerized during or after applying the liquid. 

[0118] It is preferred to employ two or three of the methods (1 ) to (3) in combination. The combination of (1) and (3) 
or that of all the methods are particularly preferred. 
45 [0119] The methods of surface treatment (1), shell polymer (2) and binder polymer (3) are explained below in this 
order. 

(1) Surface treatment 

50 [0120] The inorganic fine particles are preferably subjected to surface treatment, so as to improve affinity to the pol- 
ymer. The surface treatment is categorized into physical treatment (such as plasma treatment and corona discharge 
treatment) and chemical treatment with coupling agents. In the invention, chemical treatment is preferably performed 
singly or in combination with physical treatment As the coupling agents, organoalkoxy metal compounds (e.g., titanium 
coupling agents and silane coupling agents) are preferably used. If the inorganic fine particles are made of silicon diox- 

55 ide, the surface treatment with a silane coupling agent is particularly prefen-ed. 

[0121] The silane coupling agents having the following formula (Xl-a) or (Xl-b) are preferred. 
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R61 R65 
R640-{4i— 0R62 R680^i— R66 

^ (Xl-a) ^ (xi-b) 



[01221 In the formulas, each of R^^ and R®® independently represents an alkyi group having 1 to 10 cartDon 
atoms, an aryl group having 6 to 10 carbon atoms, an alkenyl group having 2 to 10 cart>on atoms, an alkynyl group hav- 
ing 2 to 10 carbon atoms or an aralkyi group having 7 to 10 carbon atoms; and each of R^^, R®^. R^, R®^ and R®® inde- 

15 pendently represents an alky! group having 1 to 6 carbon atones or an acyl group having 2 to 6 carbon atoms. 

[0123] In the formulas of (Xl-a) and (Xl-b), each of R^^ R^^ and ffi^ is preferably an alkyI group, an aryl group, an 
alkenyl group or an aralkyi group. An aikyi group, an aryl group or an alkenyl group is more preferred, and an alkyI group 
or an alkenyl group is further preferred. The alkyI, aryl, alkenyl and aralkyi groups may have one or more substrtuents. 
Exannples of the sii)stituents include glycidyl group, glycidyloxy group, an alkoxy grotp. a halogen atom, an acyloxy 

20 group (e,g., acryloyloxy group, methacryloyloxy group), mercapto group, amino group, carboxyl group, cyano group, iso- 
cyanato group, and an alkenylsulfbnyl group (e.g., vinylsulfonyl group). 

[0124] In the formulas of (Xl-a) and (Xl-b), each of R^^, R®^. R^, R®^ and R^® preferably Is an alkyI group. The alky! 
group nnay have one or more substituents. Examples of the substituents include an alkoxy group. 
[0125J The silane coupling agent preferably comprises a double bond, and the polymer is combined with the cou- 
25 pling agent by the reaction of the double bond. The doutrfe bond preferably is in the substituent of R®\ R®^ or R^® in the 
formulas of (Xl-a) and (Xl-b). 

[0126] The silane coupling agents having the following formula (Xll-a) or (Xll-b) are particularly preferred. 



L71— 0-CO-C=CH2 L72— 0-C0-C=CH2 

R740-ii-OR72 R71 R780-4i-R76 R75 

OR 73 OR 77 

(Xll-a) (Xll-b) 



40 [0127] In the formulas, each of R''^ and R^® independently represents hydrogen atom or methyl group; R^® repre- 
sents an alkyI group having 1 to 10 carbon atoms, an aryl group having 6 to 10 carbon atoms, an alkenyl group having 
2 to 10 carbon atoms, an alkynyl group having 2 to 10 carbon atoms or an aralkyi group having 7 tolO caftx>n atoms; 
each of R^^, R^^, R^"^. R^^ and independently represents an alky! group having 1 to 6 carbon atoms or an acyl 
group having 2 to 6 carljon atoms; and each of L^** and independently represents a divalent linking group. 

45 [0128] In the formula of (Xll-b). R^® is the same as R®^ . R®® and R^® in the formulas of (Xl-a) and (Xl-b). 

[0129] In the formulas of (Xll-a) and (Xll-b), R^^, R^^^ r74 ^77 p7S the same as R®^^ r63 r64 r67 r68 
in the formulas of (Xl-a) and (Xl-b). respectively. 

[0130] In the formulas of (Xll-a) and (Xll-b), each of L^"" and L^^ is preferably an alkylene group, more preferably an 
alkylene group having 1 to 10 cartx)n atoms, further preferably an alkylene group having 1 to 6 cartxjn atoms. 

50 [01 31 1 Examples of the silane coupling agents having the formula (Xl-a) include methyltrimethoxysilane, methyltri- 
ethoxysilane, methyltrimethoxyethoxysilane, methyltriacetoxysilane, methyltributoxysilane. ethyttrimethoxysilane. ethyl- 
triethoxysilane, vinyltrinnethoxysilane, vinyltriethoxysilane. vinyltriacetoxysilane, vinyltrimethoxyethoxysilane, 
phenyltrimethoxysilane. phenyltriethoxysilane. phenyltriacetoxysilane. y-chloropropyitrimethoxysilane, y-chloropropyltri- 
ethoxysiiane, r-chloropropyltriacetoxysilane, 3,3,3-trifluoropropyltriethoxysitane. rglycidyloxypropyltrimethoxysilane, y 

55 glycidyloxypropyltriethoxysilane, r{P-glycidyloxyethoxy)propyltrimethoxysilane. p-(3.4-epoxycyclohexyl) ethyttrimethox- 
ysilane, p-(3,4-epoxycyclohexyl)ethyttriethoxysilane, y-acryloyloxypropyltrimethoxysiiane. y-methacryloyioxypropyltri- 
methoxysilane, y-aminopropyltrimethoxysilane. y-aminopropyltriethoxysilane, y-mercaptopropyltrimethoxysilane. y- 
mercaptopropyltriethoxysilane, N-p-(aminoethyl)-y-aminopropyitrimethoxystlane, and p-cyanoethyltriethoxysi!ane. 
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[0132] Preferred examples are those having a double borKi such as vinyttrimethoxysilane. vinyttriethoxysilane. 
vinyltriacetoxysilane, vinyttrimethoxyethoxysilane, yacryloyloxypropyltrimethoxysilane, y-methacryloyioxypropyltrimeth- 
oxysilane. The silane coupling agents having the formula (KW-b) such as y-acryloyloxypropyltrimethoxysilane and y- 
methacryloyioxypropyltrimethoxysilan are particularly preferred. 

[0133] Examples of the silane coupling agents having the formula (Xl-b) Include dimethyldimethoocysilane, phenyl- 
methyldimethoxysilane, dimethyldiethoxysilane. phenylmethyWiethoxysilane, y-glycldyloxypropylmethyldiethoxysilane. 
y-glycldyloxypropylmethyldimethoxysilane. y-glyddyloxypropylphenyldiethoxysilane. y-chloropropylmethyldlethoxysi- 
lane, dimethyWiacetoxysilanG, y-acryloyloxypropylmethyldimethoxysilane, y-acryloyloxypropylmethyWiethoxysilane, y- 
methacrytoyloxypropylmethykJimethoxysllane, y-methacryloyloxypropylmethyldiethoxysllane, y-mercaptopropylmethyl- 
dimethoxysilane, y-mercaptopropytmethyldiethoxysilane, y-aminopropylmethyldimethoxysilane. y-aminopropylmethyldi- 
ethoxysilane. methylvinyldimethoxysilane, and methylvlnytdiethcxysilane. 

[0134] Preferred examples are those having a double bond such as y-acryloyloxypropyimethyldimethoxysilane, y 
acryloyloxypropylmethyidiethoxysilane, y-methacryloyloxypropylmethyldimethoxysilane, y-methacryloyloxypropylmeth- 
ytdiethoxysilane. methylvinyldimethoxysilane, and methylvinyldlethoxysilane. The silane coupling agents having the for- 
mula (Xll-b) such as y-aCTyioyloxypropylmethyldlmethoxysilane. y-aCTyloyloxypropylmethyldiethoxysilane. y- 
methacryt yloxypropylmethyldimethoxysilane arxi y-methacryloyloxypropylmethyldlethoxysilane are particularly pre- 
ferred. 

[0135] Two or more coupling agents may be used in combination. In combination with the silane coupling agents 
having the formula (Xl-a) or (Xl-b), other silane coupling agents may be used. Examples of other silane coupling agents 
include orthosilicic alky! esters (e.g., methyl orthosilicate. ethyl orthosilicate, n-propyl orthosilicate, i-propyl orthosiiicate, 
n-butyl orthosilicate, sec-butyl orthosilicate. t-butyt orthosilicate). and their hydrolyzed products. 
[0136] The surface treatment with a silane coupling agent comprises the steps of adding the coupling agent to the 
dispersion of the inorganic particles. arxJ storing the dispersion at a temperature of room temperature to SO^'C for a 
period of several hours to 1 0 days. For accelerating the treatment, inorganic acids (e.g.. sulfuric acid, hydrochloric acid, 
nitric acid, chromic acid, hypochlorous acid, boric acid, orthosilicic acid, phosphoric add. carbonic acid), organic acids 
(e.g.. acetic acid, polyacrylic acid, benzenesulfonic add, phenol, polyglutamic acid) or their salts (e.g.. metallic salts, 
ammonium salts) may be added to the dispersion. 

(2) Shell polymer 

[0137] The polymer for shell preferably has a main chain of. saturated hydrocarbon. Further, the polymer preferably 
has fluorine atoms in the main chain or side chain, more preferably in the side chain. Preferred examples of the polymer 
include polyaaylic esters and polymethacrylic esters. Esters between fluorinated alcohols and poly(meth)acrylic acid 
are particulariy preferred. 

[0138] The refractive index of shell polymer decreases as the fluorine content in the polymer increases. For 
depressing the refractive index of the low refractive index layer, the shell polymer preferably contains fluorine in an 
amount of 35 to 80 wt.%, more preferably 45 to 75 wt.%. 

[0139] The polymer containing fluorine atoms is preferably prepared by polymerization of an ethylenic unsaturated 
monomer having a fluorine atom. Examples of the ethylenic unsaturated monaners having fluorine atom indude 
fluoroolefins (e.g., fluoroethylene, vinylidene fluoride, tetrafluoroethylene, hexafluoropropylene, and peffluoro-2.2<lime- 
thyl-1.3-diQxol), fluorinated vinylether, and esters between fluorinated alcohols and (meth)acryllc acid. 
[0140] The polymer containing fluorine atoms particularly preferably comprises the following repeating unit (XIII) 
containing fluorine atoms. 



R81 

— CHg-C— 

CO -0-(CH2)p-<; nF2n*l (^lii ) 



[0141 ] In the formula, R®^ represents hydrogen atom or fluorine atom; p is 0 or a positive integer; and n is a positive 
integer, 

[0142] The shell polymer may be a copolymer comprising repeating units having fluorine atoms and ones having 
no fluorine atom. The repeating units having no fluorine atom are preferably prepared t>y polymerization of an ethylenic 
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unsaturated monomer having no fluorine atom. Examples of the ethylenic unsaturated nrronomers having no fluorine 
atom include olefins (e.g.. elhytene, propylene, isoprene. vinyl chloride, and vinyiidene chloride), acrylic esters (e.g.. 
methyl acrylate, ethyl acrylate. an 2-ethylhexyl acrylate). methacrylic esters (e.Q.: methyl methacrylate, ethyl methacr- 
ylate. butyl methacrylate, and ethylene glycol dimethacrylate), styrene and its derivatives {e.g., styrene. divinylbenzene. 
5 vinyltoluene, and a-methylstyrene). vinyi ethers (e.g., methylvinyl ether), vinyl esters (e.g., vinyl acetate, vinyl propion- 
ate, and vinyl cinnamate). acrylamides (e.g., N-tert-butylacrylamide and N-cydohexylacrylamide). methacrylamide. 
and acrylonitrile. 

[0143] H the binder polymer (3) described below is used in combination, the shell polymer and the binder polymer 
may be chemically combined with crosslinWng. The crosslinking can be formed by introducing crossllnkable functional 

10 groups into the shell polymer 

[01441 The shell polyn>er nrray be crystalline, tf the shell polymer has a glass transition temperature (Tg) higher than 
the temperature at which the low refractive index layer is formed, the miao voids in the layer are easily maintained. 
However, in that case, the inorganic fine particles are often insufficiently combined, and consequently the low refractive 
index layer can not be formed as a continuous layer (consequently, the resultant layer has insufficient mechanical 

15 strength). Accordingly, the binder polymer (3) described below is preferably used in combination, so as to form a con- 
tinuous low refractive index layer. 

[0145] Core-shell fine particles are prepared by forming polymer shells around the inorganic fine particles. The 
core-shell fine particles preferably contain cores of the inorganic fine particles in an amount of 5 to 90 vol.%. more pref- 
erably 15 to 80 vol. %. 

20 [0146] The polymer shell is preferably formed by radical polymerization. The radical polymerization is described in 
"Experimental method of polymer synthesis" written by T.Ohtsu and M.Kinoshita, published by Kagakudojin (1 972); and 
"Lectures. Polymerization Reaction, Radical Polymerization (I)" written by T.Ohtsu, published by Kagakudojin (1971). 
The radical polymerization is preferably performed in accordance with emulsion polymerization method or dispersion 
polymerizatton method, which are described in "Chemistry of Polymer Latex" written by S.Muroi. published by Kobun- 

25 shi-kankokai (1970) and "Dispersion Polymerization in Organic Media" written by Ban-ett and Keih E.J.. published by 
John Willey & Sons (1 975). 

[0147] Examples of initiators for the emulsion polymerization include inorganic peroxides (e.g., potassium persul- 
fate. ammonium persulfate). azonitriles (e.g.. sodium azobiscyanovalerate), azoamidine compounds (e.g., 2,2'-azo- 
bis(2-methylpropionamide) hydrochloride), cyclic azoamidine compounds (e.g., 2,2'-azobis(2-(5-methyl-2-imidazolin-2- 
30 yl)propane hydrochloride), azoamide compounds (e.g.. 2,2'-azobis{2-methyl-N-[1.1'-bis(hydroxymethyl)-2-hydroxye- 
thyljpropione amide). Inorganic peroxides are preferred, and potassium persulfate and ammonium persulfate are par- 
ticularly preferred. 

[0148] Examples of initiators for the dispersion polymerization include azo connpounds (e.g.. 2.2'-azobisisobutylo- 
nitrile, 2.2'-azobis(2.4<limethylvaleronitrile), dimethyl-2,2-azobis(2-methylpropionate). dimethyl-2,2'-azobi- 
35 sisobutylate), and organic peroxides (e.g.. lauryl peroxide, benzoyl peroxide, And tert-butylperoctoate). 

[0149] The dispersion polymerization method preferably comprises the steps of mixing a dispersing agent of poly- 
mer and the surfece-treated inorganic fine particles, adding the monomers and the initiator to the mixture, and polym- 
erizing the monomers in a medium which does not dissolve the formed polymer. 

[0150] Examples of the medium include water, alcohols (e.g.. methanol, ethanol, propanol. isopropanol. 2-meth- 
40 oxy-1 -propanol, butanol, t-butanol. pentanol, neopentanol, cydohexanol. l-methQxy-2-propanol), methyl ethyl ketone, 
acetonitrile, tetrahydrofuran. and ethyl acetate. Preferred are water, methanol, ethanol and isopropanol. Two or more 
media may be used In combination. 

[0151] In the emulsion or dispersion polymerization method, chain transfer agents may be used. Exannples of the 
cliain transfer agents include halogenated hydrocartxjns (e.g.. carlx^n tetrachloride, carbon tetrabromide. ethyl acetate 

45 dibromide, ethyl acetate tribromide, ethylbenzene dibromide, ethane dibromide, and ethane dichloride). hydrocarbons 
(e.g., benzene, ethylbenzene, and isopropylbenzene), thioethers (e.g., diazothioether). mercaptans (e.g., t-dodecyl 
mercaptan, n-dodecyl mercaptan. hexadecyi mercaptan. n-octadecyl mercaptan, and thioglycerol), disulfides (e.g.. 
diisopropylxanthogendisulfide), thioglycollic acid and its derivatives (e.g., thioglycolic acid, 2-ethylhexyl thioglycolate, 
butyl thioglycolate. methoxybutyl thioglycolate, and trimethylolpropane tris(thioglycolate)). 

50 [01 52] Two or more kinds of core-shell fine particles may be used in combination. Further, the core-shell fine parti- 
cles may be used in combination with inorganic fine particles having no shells, 

(3) Binder polymer 

55 [0153] The binder polymer preferably has a main chain of saturated hydrocartjon or polyether, more preferably a 
main chain of saturated hydrocartjon. Preferably, the binder polymer is crosslinked. 

[0154] The polymer having a main chain of saturated hydrocartwn is preferably prepared by polymerization of eth- 
ylenic unsaturated monomers. For preparing a crosslinked binder polymer, monomers having two or more ethylenic 
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unsaturated groups are preferably used. 

[0155] Examples of the monomer having two or more ethylenic unsaturated groups include esters of pdyhydric 
alcohols and {meth)acrylic acid ( .g., ethyleneglycol di(meth)acrytate. 1 ,4-cyclohexane diacrylate. pentaerythritol 
tetra(meth)acrylate, pentaerythritol tri(meth)acrylate, trimethylolpropane tri(meth)acryiate, trimethylolethane 

5 tri(meth)acrylate, diperrtaerythritol tetra(meth)acrylate. dipentaerythrltol penta(meth)acrylate, pentaerythritol 
hexa(meth)acrylate, 1,2,3-cyclohexanetetramethacrylate. polyurethane polyacrylate, and polyester polyacrylate). and 
vinylbenzene and its derivatives (e.g.. 1 .4-d(vinylbenzene, 4-vinyIbenzoic acid'2-acryloylethyl ester and 1 .A-divinyicy- 
dohexanone), vinytsulfones (e.g.. divinylsulfone). acrylamides (e.g., methylene bisacrylamide). and methacrylamide. 
[0156] The polymer having a main chain of polyether is preferat>ly prepared by ring-opening polymerization of multi- 

70 functional epoxy compounds. 

[0157] In place of or in addition to the monomer having two or more ethylenic unsaturated groups, crosslinking 
groups may be incorporated into the binder polymer to form a crosslinked structure. Examples of the crosslinking func- 
tional groups include isocyanato group, epoxy group, aziridtne group, oxazoline group, aldehyde group* carbonyl group, 
hydrazine group, carboxyl group, methylpl group; arKJ active methylene group. Further, vinylsutfbnic acid, acid anhy- 

15 drides. cyanoacryiate derivatives, melamine, etherized methylol, esters, and urethane are also employable as mono- 
mers for forming the crosslinked structure. The functional groups, such as block isocyanate group, decomposed to form 
the crosslinked structure are also employable. 

[0158] The term of "crosslinking groups" in the invention is not used to restrict by the aforementioned compounds, 
and include the groups decomposat^le to give an active compound. 
20 [0159] If the binder polymer is used in combination with the shell polymer (2). the glass transition temperature (Tg) 
of the binder polymer preferably is lower than thai of the shell polymer. The difference between those glass transition 
temperatures preferably is not less than 5**C. more preferably not less than 20*0. 

[0160] The binder polymer is preferably prepared by the steps of adding the monomers to the coating liquid for the 
low refractive index layer, and polymerizing (and if needed crosslonking) the monomers during or after applying the liq- 
25 uid. Examples of the polymerization initiator for the binder polymer are the same as those descried for the shell polymer. 
In the coating liquki for low refractive index layer, a small amount of polymer (such as polyvinyl alcohol, polyoxyethylene. 
polymethylmethacrylate, polymethylacrylate. diacetylcellulose. triacetylcellulose. nitrocellulose, polyester, or alkyd 
resin) may be added. 

30 [Transparent support] 

[0161 ] Except the case that the anti-reflection film is directly provided on a lens or a display screen of CRT the film 
is preferably provkied on a transparent support As the support, a plastic film is more preferable than a glass plate. 
[0162] Examples of the plastic materials for the support include cellulose derivatives (e.g., diacetyl cellulose, 

35 triacetyl cellulose, propionyl cellulose, butyryl cellulose, acetyl propionyl cellulose, and nitrocellulose), polyamides. 
polycarbonates, polyesters (e.g.. polyethylene terephthalate. polyethylene naphthalate. polybutylene terephthalate. 
poly-1.4-cyclohexanedimethylene terephthalate. and polyethylene-1.2-<liphenoxyethane-4,4*-dicartx)xylate). polysty- 
rene (e.g., syndiotactic polystyrene), polyolefins (e.g. polypropylene, polyethylene and polymethytpentene). polymethyl 
methacrylate. polysulfbne. polyethersulfbne. polyarylate, polyether ketone, and polyether imide. Triacety) cellulose. 

40 polycarbonates, and polyethylene terephthalate are preferred. 

[0163] The transparent support preferably has a percent transmission of not less than 80%, more preferably not 
less than 86%. The haze of the support is preferably in the range of not nrore than 2.0%. more preferably not more than 
1.0%. The support preferably has a refractive index of 1.4 to 1 .7. 

[0164] IR absorbers or UV absorbers may be incorporated into the transparent sipport. The amount of the IR 
45 absorber is preferably in the range of 0.01 to 20 wt%. more preferably 0.05 to 10 wt.%. As a slipping agent, particles 
of inactive irtorganic compound may be contained in the transparent support. Examples of the inorganic compound 
include Si02. TIO2. BaS04. CaCOs. talc, and kaolin. 

[0165] The transparent support may be subjected to surface treatment. Examples of the surface treatments include 
chemical treatment, mechanical treatment, corona discharge treatment, flame treatment, UV treatment, high frequency 
50 treatment, glow discharge treatment, active plasma treatment, laser treatment, mix acid treatment, and ozone-oxidation 
treatment. Preferred treatments are glow discharge treatment, UV treatment, corona discharge treatment, and flame 
treatment. Glow discharge treatment and UV treatment are particularly preferred. 

[Middle refractive index layer] 

55 

[0166] As shown in Figure 1 (c). a middle refractive index layer may be provided between the high refractive index 
layer and the transparent support. The refractive index of the middle refractive index layer is adjusted to a value 
between those of the high and low refractive index layers, and preferab>ly is in the range of 1 .55 to 1 .70. 
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[01 67] The middle refractive index layer ie preferably formed with a polymer having a relatively high refractive index. 
Examples of the polymer having a high refractive index Include polystyrene, etyrene copolymer. polycartK)nate. mela- 
mine resin, phenol resin, epoxy resin, and polyurethane derived from the reaction between cyclic (alicyclic or aromatic) 
isocyanate and pdyol. Further, other polymers having cyclic (aromatic, heterocyclic, or alicyclic) groups and polymers 
5 substituted with a halogen atom other than fluorine also have a high refractive index. The polymer may be prepared by 
polymerization of a monomer having double bond for radical hardening. 

[01 68] In the polymer, inorganic fine particles having a high refractive index may be dispersed. If those particles are 
used, even polymers having a relatively low refractive index can be used for dispersing the particles stately Exanples 
of those polymers include vinyl polymers (including acrylic polymers), polyester polymers (Including alkyd polymer), cel- 
10 lulose polymers, and urethane polymers. 

[0169] The middle refractive index layer may contain silicon compounds substituted with organic groups. As the sil- 
icon compounds, the aforementioned silane coupling agents and its derivatives for surface treatment of tiie inorganic 
fine particles in the low refractive index layer are preferably employed. 

[0170] As the material of the inorganic fine particles in the middle refractive index layer, oxides of metals (e.g.. aiu- 
15 minum. titanium, zirconium, antimony) are preferred. Powder or colloidal dispersion of the particles is mixed with the 
polymer or the organic silicon compounds. 

[01 71 ] The inorganic fine particles preferably has a mean particle size of 1 0 to 1 00 nm. 

[01 72] The middle refractive index layer may be formed of f ilm-formable organometallic compounds. Preferably, tiie 
organometallic compounds are liquids or can be dispersed in a proper medium. 

20 [01 73] Examples of tfie organometallic compounds include metal alcoholates (e.g. . titanium tetraethoxide, titanium 
tetra-i-propoxide, titanium tetra-n-propoxide. titanium tetra-n-butoxide, titanium tetra-sec-butoxide. titanium tetra-tert- 
butoxide, aluminum triethoxide, aluminum tri-i-propoxide, aluminum tributoxide. antimony triethoxide. antimony tributox- 
ide, zirconium tetraethoxide. zirconium tetra-i-propoxide, zirconium tetra-n-propoxide, zirconium tetra-n-butoxide. zirco- 
nium tetra-sec-butoxide. zirconium tetra-tert-butoxide). chelate compounds (e.g.. di-isopropoxy titanium 

25 bisacetylacetonate. di-butoxy titanium bisacetylacetonate, di-ethoxy titanium bisacetylacetonate. bisacetylacetone zir- 
conium, aluminum acetylacetonate, aluminum di-n-butoxidennonoethylacetonate, aluminum di-i-propoxidemonomethy- 
lacetoacetate. tri-n-butoxldezirconium monoethylacetate). organic acid salts (e.g., zirconium ammonium carbonate), 
and active inorganic polymers mainly conrprising zirconium. 

[0174] The middle refractive index layer may contain alky I silicates, their hydrolyzed products, and fine particles of 
30 silica, particularly colloidal dispersion of silica-gel. 

[0175] The haze of the middle refractive index layer preferably is not more tiian 3%. 

[Other layers] 

35 [0176] Besides tiie aforementioned layers, the anti-reflection film may have other layers such as a hard coating 
layer, a nfx)isture proof layer, an antistatic layer, an undercoating layer, and a protective layer. 
[0177] The hard coating layer gives scratch resistance, and further enhances adhesion between the transparent 
support and the layer provided thereon. The hard coating layer can be formed of acrylic polymers, urethane polymers, 
epoxy polymers, silicon polymers, or silica compounds. Pigments may be added to tiie hard coating layer. 

40 [0178] The acrylic polymers are preferably prepared by polymerization of multi-functional monomers (e.g.. polyol 
acrylate. polyester acrylate. urethane acrylate, and epoxy acrylate). Exanples of the uretiiane polymers include mela- 
mine polyurethane. Preferred examples of the silicon polymers include products derived front co-hydrolysis between 
sitane compounds (e.g.. tetraalkoxysilane and alkyttrialkoxysilane). and silane coupling agents having active groups 
(e.g., epoxy, methacryl). Two or more polymers may be used in combination. As the silica compound, colloidal silica is 

45 preferably used. The hard coating layer preferably has a mechanical strengtii of not less than H, more preferably not 
less than 2H. further preferably not less than 3H in terms of pencil grades under a load of 1 kgw. 
[0179] In addition to the hard coating layer, other layers such as an adhesive layer, a shielding layer, a slippery layer 
and an antistatic layer may be also provided on tiie transparent support. The shielding layer protects the film from elec- 
tronr^gnetic waves such as infrared rays. 

50 [0180] A protective layer may be provided on tiie low refractive index layer. The protective layer also serves as a 
slippery layer or a anti -stain layer. 

[0181] Examples of slipping agents for the slippery layer include polyorganosiloxanes (e.g.. polydimethylsiloxane, 
polydiethylsiloxane, polydiphenylsiloxane, polymethylphenylslloxane, and alkyl-modified polydimethylsiloxane). natural 
waxes (e.g.. carnauba wax, candelilla wax. jojoba oil. rice wax. Japan wax. bees wax, hydrous lanolin, spermaceti, and 
55 montan wax), petroleum waxes (e.g., paraffin wax and microcrystalllne wax), synthetic waxes (e.g., polyethylene wax 
and Fischer-Tropsch wax), higher fatty add amid s (e.g., stearamide, oleic amide, and N.N'-methylenebisstearamide), 
higher fatty acid esters (e.g.. methyl stearate. butyl stearate, glycerol monostearate. and sorbitan monooleate], higher 
fatty acid metal salts (e.g.. zinc stearate). and polymers containing fluorine (e.g., perftuoropoly ether having a perfluoro 
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main chain, perfluoropolyether having a periluoro side chain, perfluorcpolyether modified with alcohol, and perfluor- 
opolyether modified with isocyanate). 

[0182] The anti-6tain layer contains hydrophobic compounds containing fluorine (e.g.. polymer containing fluorine, 
surface active agent containing fluorine, oil containing fluorine). 
5 [0183] The protective layer has a thickness of not more than 20 nm. preferably 2 to 20 nm. more preferably 3 to 20 
nm. further preferably 5 to 1 0 nm. so as not to affect the performance of anti-reflection. 

[Anti-reflection film] 

TO [0184] Each layer of the anti-reflection film can be formed by dip coating, air knife coating, curtain coating, roller 
coating, wire bar coating, gravure coating, and extrusion coating (described in U.S. Patent No. 2,681,294). Two or more 
layers may be simultaneously formed by coating. The method for simultaneous coating is described in U.S. Patents No. 
2.761 ,791 , No. 2,941 ,898, No. 3,508,947. and No. 3,526,528; and "Coating Engineering" pp.253, written by Y. HarazaW, 
published by Asakura Shoten (1 973). 

IS [0185] The anti-reflection film may have anti-glare function, which means that the film may be made to scatter exter- 
nal light. For the anti-glare function, small convexes are formed on the surface of the film. As shown in Figure 3, a low 
refractive index layer containing fine particles has a surface having convexes formed with the particles. If those con- 
vexes give insufficient anti-glare function, relatively large particles (having a mean particle size of 50 run to 2 ^m) 
maybe incorporated in a small amount (0.1 to 50 wt.%). 

20 [0186] The haze of the anti-reflection film is preferably in the range of 3 to 30%. more preferably 5 to 20%. further 
preferably 7 to 20%. 

[0187] The anti-reflection film of the invention can be applied on a display device such as a liquid aystal display 
(LCD), a plasma display (PDP), an electroluminescence display (ELD) or a cathode ray tube display (CRT). If the film 
has a transparent support, the support is attached to the display surface. The film can be also placed on a case cover, 
25 an optical lens, a lens for glasses, a windshield, a light cover, and a cover of helmet. 

EXAMPLE 1 

[Preparation of titanium dioxide dispersion] 

30 

[0188] Diirty weight parts of titanium dioxide [weight mean particle size of primary particles: 50 nm. refractive 
index: 2.70], 3 weight parts of the following anionic monomer (1). 3 weight parts of the following anionic monomer (2). 
and 64 weight parts of methyl ethyl ketone were mixed by means of a sand grinder to prepare a dispersion of titanium 
dioxide. 

35 

2uiionic monomer (1) 
CH2=C-CH3 OH 

co^-<;h2CH2~o--cc>-ch2CH2CH2CH2CH2-o-p=o 

^5 anionic monomer (2) 

C0-0-CH2CH2-0-C0-CH2CH2CH2CH2CH2-0 

HO-P=0 

50 I 

CO-O-CHaCHg-O-CO-CHaCHaCHgCHgCHg-O 
CH2"^C'"OH3 



[0189] The weight mean particle size of titanium dioxide in the prepared dispersion was determined by means of a 
coaltar counter. The results are shown in Table 1 . 
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[Preparation of coating liquid for high refractive Index layer] 

[0190] A mixture of dipentaerythritol pentaacrytate and dipentaerythritol hexaacrylate [DPHA, Nippon Kayaku Co., 
Ltd.]. a photopolymerization initiator [Irgacure 907. Ciba-Geigy], a photosensttizer [Kayacure DETX. Nippon Kayaku 
5 Co., Ltd.], and methyl ethyl ketone were mixed. The weight ratio of the photopolymerization initiator to the photosensi- 
tizer was set at 3/1 , and the volume ratio of tiie titanium dioxide to the monomers (i.e., the total amount of dipenta ryth- 
ritol pentaacryiate. dipentaerythritol hexaacrylate. and the anionic monomers (1) and (2)) was set at 40/60. The total 
amount of the photopolymerization initiator and the photosensrtizer was adjusted to 3 wt.% based on the total amount 
of the monomers. 

10 [01 91 ] The dispersion stability of titanium dioxide in the prepared coating liquid was evaluated by the following pre- 
cipitation test. After storing for 100 hours, the nature of the Ik^uid was determined according to whether the dear top 
part was observed or not. The marke "A" means that the clear top part was not observed, and the mark of "B" means 
that it was observed. The results are shown in Table 1. 

15 [Formation of high refractive index layer] 

[01 92] On a polyetinylene terephthalate film having 90 \im thickness, a hard coating layer was provided. The coating 
liquid for high refractive index layer was applied on tie hard coating layer witii a bar coater. and in-adiated witii UV light 
to harden. Thus, a high refractive Index layer having 200 nm thickness (aftre dryness) was formed. 
20 [0193] The haze of the formed layer was measured by means of a haze meter (NDH-1001DP. Nippon Denshoku 
Kogyo Co.. Ltd.). and the refractive index was calculated from the reflectance measured with a reflectance meter (V-550 
and ARV-474. Nippon Bunko Co., Ltd.). Further, the mechanical strength was evaluated In terms of pencil hardness 
(urxler a load of 1 kgw). The results are set forth in Table 1 . 

25 [Formation of low refractive index layer] 

[0194] Six g of dipentaerythritol hexaacrylate. 0.5 g of a photopolymerization initiator [Irgacure 907, Ciba-Geigy], 
0.2 g of a photosensitizer [Kayacure DETX, Nippon Kayaku Co., Ltd.], and 20 g of ethyl acetate were dispersed and 
emulsified in 100 g of water with 1 g of sodium dodecybenzene sulfonate. The emulsified liquid and 100 g of fine parti- 
30 cles (mean particle size: 52 nm) of copolymer of methyl methacrylate (80 weight parts)-divinylbenzene (25 weight 
parts) were mixed and stirred to form a coating liquid for low refractive irxiex layer. 

[0195] The coating liquid was applied on the high refractive index layer witii a bar coater to form a layer having the 
thickness of 100 nm. After drying, the layer was heated to lOO'C, and irradiated with UV light of a 12 W/cm high pres- 
sute mercury lamp for 1 minute to crosslink the polymer. The layer was cooled to room temperature, so as to form a low 
35 refractive index layer (refractive index: 1 .55). 

[0196] Thus, an anti-reflection film was produced. 

COMPARISON EXAMPLE 1 

40 [0197] 30 weight parts of titanium dioxide [weight mean particle size of primary particles: 50 nm. refractive index: 
2.70] and 64 weight parts of methyl ethyl ketone were mixed by means of a sand grinder to prepare a dispersion of tita- 
nium dioxide. 

[0198] Except for using thus prepared dispersion, the procedure of Example 1 was repeated to produce an anti- 
reflection film and to evaluate the film. The results are set forth in Table 1 . 

45 

COMPARISON EXAMPLES 

[0199] 30 weight parts of titanium dioxide [weight mean particle size of primary particles: 50 nm. refractive index: 
2.70], 6 weight parts of a phosphoric surface active agent [Phosphanbl RD-720. Toho Kagaku Kbgyo Co., Ltd.], and 64 
50 weight parts of methyl ethyl ketone were mixed by means of a sand grinder to prepare a dispersion of titanium dioxide. 
[0200] Except for using thus prepared dispersion, the procedure of Example 1 was repeated to produce an anti- 
reflection film and to evaluate the film. The results are set forth in Table 1 . 

COMPARISON EXAMPLE 3 

55 

[0201] 30 weight parts of titanium dioxide [weight mean particle size of primary particles: 50 nm, refractive irrdex: 
2.70], 1.5 weight parts of a phosphoric surface active agent [Phosphand RD-720. Toho Kagaku Kbgyo Co., Ltd.]. and 
68.5 weight parts of methyl ethyl ketone were mixed by means of a sand grinder to prepare a dispersion of titanium diox- 
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10 



IS 



ide. 

[0202] Except for using thus prepared dispersion; the procedure of Exarr^sle 1 was repeated to produce an anti- 
reflection film and to evaluate the film. The results are set forth in Table 1 . 

EXAMPLE 2 

[0203] 30 weight parts of titanium dioxide [weight mean particle size of primary particles: 50 nm, refractive index: 
2.70]. 6 weight parts of tiie following anionic monomer (3), and 64 weight parts of methyl etiiyl ketone were mixed by 
m ans of a sand grinder to prepare a dispersion of titanium dioxide. 

anionic monomer (3) 
CH2=CH 



CO-(OCH2CH2)20-O— <f j>— SOaNa 




20 



[0204] Except for using thus prepared dispersion, the procedure of Example 1 was repeated to produce an anti- 
reflection film and to evaluate the film. The results are set forth in Table 1 . 
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EXAMPLE 3 

[0205] 30 weight parts of tin oxide [weight mean particle size of primary particles: 1 0 nm, refractive index: 2.00]. 3 
weight parts of the anionic monomer (1) in Example 1, 3 weight parts of the anionic monomer (2) In Example 1 . and 64 
weight parts of methyl ethyl ketone were mixed by means of a sand grinder to prepare a dispersion of tin oxide. 
[0206] Except for using thus prepared tin oxide dispersion in place of titanium dioxide dispersion, the procedure of 
Example 1 was repeated to produce an anti-reflection film and to evaluate the film. The results are set forth in Table 1 . 



EXAMPLE 4 

[0207] 30 weight parts of titanium dioxide [weight mean particle size of primary particles: 1 1 0 nm. refractive index: 
35 2.70], 6 weight parts of tiie following anionic monomer (4). and 64 weight parts of methyl etiiyl ketone were mixed by 
means of a sand grinder to prepare a dispersion of titanium dioxide. 



40 



45 



cmionic monomer (4) 



CH. 
CH2=C 



CO-O-CH2CH2O- 



O 

M 

-P-OH 



50 

[0208] Except for using thus prepared dispersion, the procedure of Example 1 was repeated to produce an anti- 
reflection film and to evaluate the film. The results are set forth in Table 1 . 

COMPARISON EXAMPLE 4 

55 

[0209] 30 weight parts of titanium dioxide [weight mean particle size of primary particles: 200 nm. refractive index: 
2.70], 3 weight parts of the anionic monomer (1) in Example 1 , 3 weight parts of the anionic nnonomer (2) in Example 
1 , and 64 weight parts of methyl ethyl ketone were mixed by means of a sand grinder to prepare a dispersion of titanium 
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dioxide. 

(02101 Except for using thus prepared dispersion, the procedure of Example 1 was repeated to produce an anti- 
reflection film and to evaluate the film. The resutts are set forth in Table 1 . 

5 EXAMPLE 5 

[021 11 30 weight parts of tin oxide [weight mean particle size of primary particles: 10 nm, refractive index: 2.00], 6 
weight parts df the following anionic monomer (5), and 64 weight parts of methyl ethyl ketone were mixed by means of 
a sand grinder to prepare a dispersion of tin oxide. 



emlonic monomer (5) 

O 

OCN— (CH2)3-CO-0-CH2CH2-0-P-OH 

OH 



[0212] To thus prepared dispersion, glycerol dimethacrylate (Blemmer GMR, Nippon Yushi Co., Ltd.). a photopoly- 
merization initiator [Irgacure 907. Ciba-Qeigy], a photosensitizer [Kayacure DETX, Nippon Kayaku Co.. Ltd.], and 
methyl ethyl ketone were added. The weight ratio of the photopolymerization initiator to the photosensitizer was set at 
3/1 , and the volume ratio of the tin oxide to the monomers (i.e., the total amount of glycerol dimethacrylate and the ani- 
25 onic monomer (5)) was set at 40/60. The total amount of the photopolymerization inrtiator and the photosensitizer was 
adjusted to 3 wt.% based on the total amount of the monomers. 

[021 3] Except for using thus prepared coating liquid for high refractive index layer, the procedure of Example 1 was 
repeated to produce an anti-reflection film and to evaluate the film. The results are set forth in Table 1 

30 EXAMPLE 6 

[0214] 30 weight parts of tin oxide [weight mean particle size of primary particles: 10 nm, refractive index: 2.00], 6 
weight parts of the following anionic monomer (6), and 64 weight parts of methyl ethyl ketone were mixed by means of 
a sand grinder to prepare a dispersion of tin oxide. 



anionic monomer (6) 

O 

^^>— CH2-0-(CH2)3-O0-0-CH2CH2-0-P-OH 

OH 



[0215] To the tin oxide dispersion, the following epoxy cyclohexane monomer [Eripord GT300, Daicel Chemical 
industries Ltd.], the following aromatic sulfonium salt (photopolymerization initiator), and methyl ethyl ketone were 
50 added. The volume ratio off the tin oxide to the monomers (i.e., the total amount of the epoxy cydohexanic monomer 
and the anionic monomer (6)) was set at 40/60. The amount of the aromatic sulfonium salt was adjusted to 3 wt.% 
based on the total amount at the nx)nomers. 
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epoxy cyclohexanic monomer 





,CO-0-(CH2)5-CO-0-CH2' 



CO-0-(CH2)5-CO 



1-O-CH2 




aromatic sulfonium salt 




Q 



[0216] On a polyethylene terephthalate film having 90 nm thickness, a hard coating layer was provided. The pre- 
pared coating liquid for high refractive Index layer was applied on the hard coating layer with a bar coater, in'adiated with 
UV light and heated to harden. Thus, a high refractive Index layer having 200 nm thickness (after dryness) was formed. 
[021 7] On thus formed high refractive index layer; a low refractive index layer is provided in the manner of Example 
1 to produce an anti-reflection film. The film was then evaluated, and the results are set forth in Table 1 . 



[0218] 30 weight parts of titanium dioxide [weight mean particle size of primary particles: 30 nm, refractive index: 
2.70], 6 weight parts of the following anionic monomer (7), 1 weight part of n-octylamine. and 63 weight parts of methyl 
ethyl ketone were mixed by means of a sand grinder to prepare a dispersion of titanium dioxide. 



[0219] To the dispersion of titanium dioxide, a mixture of dipentaerythrltol pentaacrylate and dipentaerythritol hex- 
aacrylale [DPHA, Nippon Kayaku Co., Ltd.], a photopolymerization initiator [Irgacure 907, Ciba-Qeigy], a photosensi- 
tizer [Kayacure DETX, Nippon Kayaku Co.. Ltd.], and methyl ethyl ketone were added. The weight ratio of the 
photopolymerization initiator to the photosensitizer was set at 3/1. and the volume ratio of the titanium dioxide to the 
monomers (i.e., the total amount of dipentaerythritol pentaacrytate. dipentaerythritol hexaacrylate, and the anionic 
monomer (7)) was set at 48/52. The total amount of the photopolymerization initiator and the photosensitizer was 



EXAMPLE 7 



anionic monomer (7) 



CH2=CH 



CO-0-(CH2CH2COO)5-H 
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adjusted to 3 wt.% based on the total amount of the monomers. 

[0220] Except for using thus prepared coating liquid for high refractive index layer, the procedure of Example 1 was 
repeated to produce an anti-reflection film and to evaluate the film. The results are set forth in Table 1 . 



5 EXAMPLE 8 



[0221] 30 weight parts of titanium dioxide [weight mean particle size of primary particles: 50 nm. refractive index: 
2.70]. 3 weight parts of anionic monomer (1) in Exanple 1, 3 weight parts of anionic monomer (2) in Exanple 1, 1 
weight part of the following cationic monomer, and 63 weight parts of methyl ethyl ketone were mixed by means of a 
10 sand grinder to prepare a dispersion of titanium dioxide. 



cationic monomer 



^*^2=9^ CH3 
CO-O-CH2CH2-N' 

CH3 

20 



[0222] To the dispersion of titanium dioxide, a mixture of dipentaerythritol pentaacrylate and dipentaerythritol hex- 
aacrylate [DPHA. Nippon Kayaku Co.. Ltd.], a phptopolymerization initiator (Irgacure 907. Ciba-Geigy]. a photosensi- 

25 tizer (Kayacure DETX, Nippon Kayaku Co., Ltd.], and methyl ethyi ketone were added. The weight ratio of the 
photopolymerization initiator to the photosensitizer was set at 3/1 , and the volume ratio of the titanium dioxide to the 
monomers (i.e., the total antount of dipentaerythritol pentaacrylate. dipentaerythritol hexaacrylate. the anionic mono- 
mers (1 ) and (2), and the cationic monomer) was set at 51/49. The total amount of the photopolymerization initiator and 
the photosensitizer was adjusted to 3 wt,% based on the total amount of the monomers. 

30 [0223] Except for using thus prepared coating liquid for high refractive index layer, the procedure of Example 1 was 
repeated to produce an anti-reflection film and to evaluate the film. The results are set forth in Table 1 . 
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Table 1 





polymer in high retractive index 
la/er 


particles 


haze 




B* 






r 


5* 










Ex.1 


anionic crosslinked 


Tt 


65 


A 


0.3% 


2.02 


3H 


CE.1 


crosslinked 


Ti 


253 


B 


33% 




3H 


CE.2 


crosslinked/surface active agent 


Ti 


67 


A 


0.3% 


1.99 


4B 


CE.3 


crosslinked/surface active agent 


Ti 


205 


B 


30% 




B 


Ex.2 


anionic crosslinked 


Ti 


43 


A 


0.1% 


1.83 


3H 


Ex.3 


anionic crosslinked 


Sn 


35 


A 


0.1% 


1.70 


3H 


Ex.4 


anionic crosslinked 


Ti 


115 


A 


0.5% 


1.65 


3H 


CE.4 


anionic crosslinked 


Ti 


215 


A 


17% 


** 


3H 


Ex.5 


anionic crosslinked 


Sn 


35 


A 


0.1% 


1.71 


3H 


Ex.6 


anionic crosslinked 


Sn 


35 


A 


0.1% 


1.72 


3H 


Ex.7 


anionic crosslinked 


Ti 


43 


A 


0.2% 


2.12 


3H 


Ex.8 


amphoteric crosslinked 


TI 


65 


A 


0.2% 


2.18 


3H 



Remarks: 

*) each of a, p, Y, S and c is as follows, 
a: refractive index, 
p: mechanical strength. 
Y- material of the particles, 
30 S: mean particle size (nm). and 

e: grade of the dispersion. 

**) It was impossible to measure the refractive indexes of comparison Examples 1 , 3 and 4. 

E XAMPLE 9 

35 

[Preparation of coating liquid for high refractive index layer] 

[0224] To the titanium dioxide dispersion of Exannple 1 . a mixture of dipentaerythritol pentaacrylate and dipentaer- 
ythritol hexaacrylate [DPHA, Nippon Kayaku Co.. Ltd.]. a photopolymerization initiator [Irgacure 907. Ciba-Geigy]. a 
40 photosensitizer [Kayacure DETX, Nippon Kayaku Ck>.. Ltd.], and methyl ethyl ketone were added. The amount of each 
component was adjusted so that the resultant high refractive index layer would have a refractive index of 1 .75. 

[Formation of high refractive index layer] 

4$ [0225] On a polyethylene terephthalatef ilm having 90 nm thickness, a hard coating layer was provided. The coating 
liquid for high refractive index layer was applied on the hard coating layer with a bar coater, and irradiated with UV light 
to harden. Thus, a high refractive index layer having 60 nm thickness (under dry condition) was formed. 

[Formation of low refractive index layer] 

so 

[0226] 6 g of dipentaerythritol hexaacrylate, 0.5 g of a photopolymerization initiator [Irgacure 907, Ciba-Geigy], 0.2 
g of a photosensitizer [Kayacure DETX, Nippon Kayaku Co., Ltd.], and 20 g of ethyl acetate were dispersed and emul- 
sified in 100 g of water with 1 g of sodium dodecybenzenesutfonate. The emulsified liquid and 100 g of fine particles 
(mean particle size: 52 nm) of copolymer of methyl methacrylate (80 weight parts)-divinylbenzene (25 weight parts) 
55 were mixed and stirred to form a coating liquid for low refractive index layer. 

[0227] The coating liquid was applied on the high refractive index layer with a bar coater to form a layer having a 
thickness of 100 nm. After drying, the layer was heated to 100**C, and irradiated with UV light of a 12 W/cm high pres- 
sure mercury tamp for 1 minute to crosslink the polymer The layer was cooled to room temperature, so as to form a low 
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refractive index layer (refractive index: 1.55). 

[0228] Thus, an anti-reflection film was produced. 

[0229] The average reflectance (in the wavelength region of 400 to 700 nm) f the film was measured with a reflect- 
ance meter (V-550 and ARV-474, Nippon Bunko Co.. Ltd.), and the haze of the film was also measured by means of a 
5 haze meter (NDH-1001DP. Nippon Denshoku Kogyo Co., Ltd.). Further, the mechanical strength was evaluated in 
terms of pencil hardness under a load of 1 kgw. The results are set forth in TabI 2. 

COMPARISON EXAMPLE 5 

10 [0230] On the hard coating layer of Example 9, a mixture of dipentaerythritol pentaacrylate and dipentaerythritol 
hexaacrylate [DPHA. Nippon Kayaku Co., Ltd.) was evenly applied, and in^adiated with UV light to form a layer (refrac- 
tive index: 1 .53) having 60 nm thickness (under dry condition). 

[0231] On thus formed layer, a low refractive index layer is formed in the manner of Example 9 to produce an anti- 
reflection film. The film was evaluated. The results are set forth in Table 2. 

15 

COMPARISON EXAMPLE 6 

[0232] Into the titanium dioxide dispersion of Comparison Example 2, a mixture of dipentaerythritol pentaacrylate 
and dipentaerythritol hexaacrylate [DPHA. Nippon Kayaku Co., Ltd.], a photopolymerization initiator [Irgacure 907, 
20 Ciba-Geigy], a photosensitizer [Kayacure DETX. Nippon Kayaku Ca. Ltd.], and methyl ethyl ketone were added. The 
amount of each component was adjusted so that the resultant high refractive index layer would have a refractive index 
of 1.75. 

[0233] Except for using thus prepared coating liquid for high refractive index layer, the procedure of Example 9 was 
repeated to produce an anti-reflection film and to evaluate the film. The results are set forth in Table 2. 

25 

EXAMPLE 10 

[0234] The procedure of Example 9 was repeated to prepare a high refractive index layer. 
[0235] On thus formed layer, a low refractive index layer (refractive index: 1 .40) having 1 00 nm thickness of a silicon 
30 compound comprising fine voids was provided. The volume ratio of the fine voids was 6 vol.%. 

[0236] The obtained anti-reflection film was evaluated in the manner of Example 9. The results are set forth in Table 
2. 

EXAMPLE 11 

35 

[0237] The procedure of Example 9 was repeated to prepare a high refractive index layer. 
[0238] On the layer, a. coating liquid for low refractive index layer is applied and dried to form a low refractive index 
layer having the thickness of 100 nm (refractive index: 1.40). The coating liquid contained fine particles and dipentaer- 
ythritol hexaacrylate as a binder (weight ratio of partides/binder: 84/16). The fine particles had the weight mean particle 
40 Size of 30 nm, and were made of copolymer of hexaf luoroisopropyl metiiacryiate (75 weight parts), 1 .4-divinylbenzene 
(20 weight parts), 2-hydroxyethyl methacrylate (3 weight parts), and metiiacrylic acid (2 weight parts). The formed low 
refractive index layer had fine voids of 1 1 vol.% in terms of void volume. 

[0239] The obtained anti-reflection film was evaluated in the manner of Example 9. The results are set forth in Table 
2. 
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Table 2 
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pol/mer in high refractive index 
layer 


a* 




haze 




6* 


Ex.9 


anionic crosslinked 


65 


1.55 


0.3% 


3H 


2.3% 


CE.5 


crosslinked 


.** 


1.55 


0.2% 


3H 


5.2% 


CE.6 


crosslinked/surface active agent 


67 


1.55 


0.3% 


B 


2.3% 


Ex.10 


anionic crosslinked 


65 


1.40 


0.1% 


3H 


0.8% 


Ex, 11 


anionic crosslinked 


65 


1.40 


0.1% 


3H 


0.8% 



Remarks: 

*) each of a. p, y and 5 is as follows. 

a: mean particle size (nm), 

p: refractive index ot the low refractive index layer, 

r: mechanical strength, and 

S: reflectance. 

*•) The high refractive index layer of Comparison Example 5 does not contain fine par- 
ticles. 



25 [Preparation of coating liquid for middle refractive index layer] 

[0240] Tothe titanium dioxide dispersion of Example 1 , a mixture of dipentaerythritol pentaacrylate and dipentaer- 
ythritol hexaacrylate [DPHA, Nippon Kayaku Co., Ltd.], a photopolymerization initiator [Irgacure 907, Giba-Geigy], a 
photosensitizer [Kayacure DETX, Nippon Kayaku Co., Ltd.], and methyl ethyl ketone were added. The amount of each 
30 component was adjusted so that the resultant middle refractive index layer would have a refractive index of 1 .72. 

[Formation of middle refractive index layer] 

[0241 ] On a triacetylcellulose film having 90 ^m thickness, a hand coating layer was provided. The coating liquid for 
35 middle refractive index layer was applied on the hard coating layer with a bar coater, and irradiated with UV light to 
harden. Thus, a middle refractive index layer having 75 nm thickness (under dry condition) was formed. 

[Preparation of coating liquid for high refractive index layer] 

40 [0242] To the titanium dioxide dispersion of Exannple 1 . a mixture of dipentaerythritol pentaacrylate and dipentaer- 
ythritol hexaacrylate [DPHA. Nippon Kayaku Co.. Ltd.], a photopolymerization initiator [Irgacure 907, Ctoa-Geigy], a 
photosensitizer [Kayacure DETX, Nippon Kayaku Co., Ltd.], and methyl ethyl ketone were added. The amount of each 
connponent was adjusted so that the resultant high refractive index layer would have a refractive index of 2.20. 

45 [Formation of high refractive index layer] 

[0243] The coating liquid for high refractive index layer was applied on the middle refractive index layer with a bar 
coater, and irradiated with UV light to harden. Thus, a high refractive index layer having 80 nm thickness (under dry con- 
dition) was formed. 

50 

[Formation of low refractive index layer] 

[0244] The procedure of Example 9 was repeated to prepare a low refractive index layer having 80 nm thickness 
on the high refractive index layer. Thus, an anti-reflection film was produced. 
56 [0245] The average reflectance, the haze, and the mechanical strength of the produced film were evaluated in the 
manner of Example 9. The results are set forth in Table 3. 
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COMPARISON EXAMPLE 7 



[Preparation of coating liquid for middle refractive index layer] 

5 [0246] To the tftanium dioxide dispersion of Comparison Example 2, a mixture of dipentaerythritol perrtaacrylate 
and dipentaerythritol hexaacrylate (DPHA. Nippon Kayaku Co., Ltd.], a photopolymerization initiator [Irgacure 907, 
Ciba-Geigy]. a photosensitizer [Kayacure DETX, Nippon Kayaku Co., Ltd.], and methyl etiiyl ketone were added. The 
amount of each component was adjusted so that the resultant middle refractive index layer would have a refractive 
index of 1.72. . 

10 

[Formation of middle refractive index layer] 

[0247] On a triacetylcellulose film having 90 jim thickness, a hard coating layer was provided. The coating liquid for 
middle refractive index layer was applied on the hard coating layer with a bar coater, and irradiated with UV light to 
IS harden. Thus, a nniddle refractive index layer having 75 nm thickness (after dryness) was formed. ^ 

[Preparation of coating liquid for high refractive index layer] 

[0248] To the titanium dioxide dispersion of Comparison Example 2, a mixture of dipentaerythritol perrtaacrylate 
20 and dipentaerytiirttol hexaacrylate [DPHA, Nippon Kayaku Co.. Ltd.], a photopolymerization initiator [Irgacure 907. 
Ciba-Geigy], a photosensitizer [Kayacure DETX, Nippon Kayaku Co., Ltd.], and methyl etiiyl ketone were added. The 
amount of each component was adjusted so that the resultant high refractive index layer would have a refractive index 
of 2.20. 

2S [Formation of high refractive index layer] 

[0249] The coating liquid for high refractive index layer was applied on the middle refractive index layer with a bar 
coater, and irradiated with UV light to harden. Thus, a high refractive index layer having 115 nm thickness (after dry- 
ness) was formed. 

30 

[Formation of low refractive index layer] 

[0250] The procedure of Exanple 9 was repeated to prepare a low refractive index layer having 80 nm thickness 
on tfie high refractive index layer. Thus, an anti-reflection film was produced. 
35 [0251] The average reflectance, the haze, and the mechanical strength of the produced film were evaluated in the 
manner of Example 9. The results are set forth in Table 3. 

EXAMPLE 13 

40 [Preparation of coating Ircjuid for middle refractive index layer] 

[0252] To the tin oxide dispersion of Example 3. a mixture of dipentaerythritol pentaacrylate and dipentaerythritol 
hexaacrylate [DPHA, Nippon Kayaku Co.. Ltd.]. a photopolymerization initiator [Irgacure 907. Ciba-Geigy]. a photosen- 
sitizer [Kayacure DETX. Nippon Kayaku Co., Ltd.], arxi methyl ethyl ketone were added. The amount of each compe- 
ls nent was adjusted so that the resultant middle refractive index layer would have a refractive index of 1 .72. 

[Formation of middle refractive index layer] 

[0253] On a triacetylcellulose film having 90 ^m thickness, a hard coating layer was provided. The coating liquid for 
so middle refractive index layer was applied on the hand coating layer with a bar coater. and in-adiated with UV light to 
harden. Thus, a middle refractive index layer having 75 nm thickness (under dry condition) was formed. 

[Preparation of coating liquid for high refractive index layer] 

55 [0254] To the titanium dioxide dispersion of Example 8, a mixture of dipentaerythritol pentaacrylate and dipentaer- 
ythritol hexaacrylate [DPHA, Nippon Kayaku Co., Ltd.], a photopolymerization initiator [Irgacure 907, Ciba-Geigy], a 
photosensitizer (Kayacure DETX, Nippon Kayaku Co., Ltd.], and methyl etiiyl ketone were added. The amount of each 
component was adjusted so that the resultant high refractive index layer would have a refractive index of 2.20. 
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[Formation of high refractive index layer] 

[0255] The coating liquid for high refractive index layer was applied on the middle refractive index layer with a bar 
coater. and Irradiated with UV light to harden. Thus, a high refractive index layer having 1 15 nm thickness (under dry 
5 condition) was formed. 

[Formation of low refractive index layer] 

[0256] The procedure of Exanple 10 was repeated to form a low refractive index layer (refractive index: 1 .40) hav- 
10 ing 80 nm thickness on the high refractive index layer. The formed layer had fine voids of 6 vol.% in terms of void vol- 
ume. 

[0257] Thus, an anti-reflection film was produced. 

[0258] The average reflectance, the haze, and the mechanical strength of the produced film were evaluated in the 
manner of Example 9. The results are set forth in Table 3. 

75 

EXAMPLE 14 

[0259] The procedure of Example 13 was repeated to form a middle refractive index layer and a high refractive 
index layer. 

20 [0260] The procedure of Example 1 1 was repeated to prepare a low refractive index layer (refractive index: 1.40) 
having 80 nm thickness on the high refractive index layer. The prepare layer had fine voids of 11 vol.% in terms of void 
volume. 

[0261 ] Thus, an anti-reflection film was produced. 

[0262] The average reflectance, the haze, and the mechanical strength of the produced film were evaluated in the 
25 manner of Example 9. The results are set forth in Tattle 3. 

EXAMPLE 15 

[Preparation of coating liquid for middle refractive index layer] 

30 

[0263] Into the titanium dioxide dispersion of Example 8. a mixture of dipentaerythritol pentaacrylate and dipentaer- 
ythritol hexaacrylate [DP HA, Nippon Kayaku Co.. Ltd.], a photopolymerization initiator [Irgacure 907. Ciba-Geigy], a 
photosensitizer [Kayacure DETX. Nippon Kayaku Co.. Ltd.]. and methyl ethyl ketone were added. The amount of each 
component was adjusted so that the resultant middle refractive index layer would have a refractive index of 1 .72. 

35 

[Formation of mkJdIe refractive irKlex layer] 

[0264] On a triacetylcellulose film having 90 pm thickness, a hard coating layer was provided. The coating liquid for 
middle refractive index layer was applied on the hard coating layer with a bar coater, and irradiated with UV light to 
40 harden. Thus, a middle refractive index layer having 75 nm thickness (under dry condition) was formed. 

[Preparation of coating liquid for high refractive Index layer] 

[0265] To the titanium dioxide dispersion of Example 8. a mixture of dipentaerythritol pentaacrylate and dipentaer- 
45 ythritol hexaacrylate [DPHA, Nippon Kayaku Co., Ltd.]. a photopolymerization initiator [Irgacure 907, Ciba-Geigy}, a 
photosensitizer [Kayacure DETX, Nippon Kayaku Co., Ltd.], and methyl etiiyl ketone were added. The amount of each 
component was adjusted so that the resultant high refractive index layer would have a refractive index of 2.20. 

[Formation of high refractive index layer] 

so 

[0266] The coating liquid for high refractive index layer was applied on the middle refractive index layer with a bar 
coater, and irradiated with UV light to harden. Thus, a high refractive index layer having 1 15 nm thickness (under dry 
condition) was formed. 

55 [Formation of low refractive index layer] 

[0267] The procedure of Exanple 1 1 was repeated to form a low refractive index layer (refractive index: 1 .40) hav- 
ing 80 nm thickness on the high refractive index layer. The formed layer had fine voids of 1 1 vol.% in terms of void vol- 
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ume. 

[0268] Thus, an anti-reflection film was produced. 

[0269] The average reflectance, the haze, and the mechanical strength of the produced film were evaluated in the 
manner of Example 9. The results are set forth in Table 3. 



Tabled 





polymer in high refractive index 
layer 


a* 




haze 




6* 


Ex.12 


anionic crosslinked 


65 


1.55 


0.5% 


3H 


1.1% 


CE.7 


crosslinked/surface active agent 


67 


1.55 


0.5% 


B 


0.4% 


Ex.13 


anionic crosslinked 


65 


1.40 


0.5% 


3H 


0.3% 


Ex.14 


anionic crosslinked 


65 


1.40 


0.5% 


3H 


0.3% 


Ex.15 


anionic crosslinked 


65 


1.40 


0.5% 


3H 


0.3% 



Remarks: 

*) each of a, p. r and 6 is as follows. 
20 ol: mean particle size (nm), 

refractive index of the low refractive index layer, 
y. mechanical strength, and 
5: reflectance. 

25 S YNTHESIS EXAM P kE 1 

[Surface treatment of inorganic fine particles] 

[0270] In a three neck flask of 500 ml having a reflux condenser, a thermometer and a stirrer, 300 ml of distilled 
30 water and 0.57 g of 70 wt.% aqueous dioctyl sodium sulfosuccinate (surface active agent) solution were placed and 
stirred to prepare a mixture. To the mixture, 90.0 g of 2 1 . 1 wt.% colloidal dispersion of magnesium fluoride (particle size: 
30,5 nm) was slowly added. The pH of the liquid was adjusted to 7.5 using 2N sulfuric acid. After heating to BO°C under 
nitrogen gas atmosphere. 1 .0 g of 3-methacryloyloxypopyltrimethoxysilane was added and stirred for 4 hours. Thus, the 
magnesium fluoride particles were subjected to surface treatment. 

35 

[Formation of polymer shell] 

[0271] To the surface treated magnesium fluoride particles, an aqueous solution (polymerization initiator solution) 
prepared by dissolving 0.128 g of potassium persulfate in 8 ml of distilled water was added. Immediately. 4.5 g of hex- 
40 af luoroisopropyl methacrylate (monomer) was dropwise added for 3 hours, and then the polymerization initiator solution 
was again added. The reaction mixture was stirred at 80*»C for 3 hours to complete polymerization. 
[0272] The liquid was cooled to room temperature, and filtered to prepare 41 5 g of core-shell fine particle dispersion 
(yield: 98 %) having a solid content of 6.0 wt.% and a mean particle size of 40.2 nm. 

45 SYNTHESIS EXAMPLE 2 

[Surface treatment of Inorganic fine particles] 

[0273J In a four neck flask of 300 ml having a reflux condenser, a thermometer and a stirrer, 5 g of sodium dodecyl- 
50 sulfate, 300 g of colloidal silica [ST-ZU Nissan Kagaku Co.. Ltd.; mean particle size: 72 nm. solid content: 30 wt.%]. and 
74 ml of ion exchanged water were placed. The pH of the mixture was adjusted to 7.5 with 2N sulfuric acid, and stirred. 
After hating to 60**C under nitrogen gas atmosphere, 10 g of 3-methacryloyloxypopyltrimethoxysilane was aided and 
stirred for 4 hours. Thus, the silica particles were subjected to surface treatment. 

55 [Formation of polymer shell] 

[0274] To the surface treated silica particles. 0.5 g of potassium persulfate and 0.2 g of sodium bisulfite were added. 
. Further, a mixture of 54 g of hexaf luoroisopropyl methacrylate. 4.8 g of glycidyl methacrylate. and 1.2 g of acrylic acid 
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was dropwise added for 3 hours while the reaction temperature was kept at 60-70*'C. Even after the addition was com- 
plete, the liquid was stirred for 2 hours while the temperature was still kept in the same level. The reaction mixture was 
cooled to room temperature, dialyzed for 3 days with a dialyzer having the fractional molecular weight of 10.000 and 
filtered to give 757 g of core-shell fine partide dispersion (yield: 96 %) having the solid content of 20.3 wt.% and the 
mean particle size of 81.3 nm. 



SYNTHESIS EXAMPLES 3-7 

[0275] By the emulsion polymerization process similar to Synthesis examples 1 and 2, shells of the following poly- 
10 mers were formed around the partcles to synthesize the core-shell fine particles set forth Tat>le 4. 
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Synthesis Example 1 : 
Synthesis Example 2: 

15 Synthesis Example 3: 

Synthesis Example 4: 

Synthesis Example 5: 

Synthesis Example 6: 

Synthesis Example 7: 

25 



30 
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polyhexafluoroisopropyl methacrylate. 

copolymer of hexafluoroisopropyl methacrylate (90 weight parts)/glycidyl methacrylate (8 
weight parts)/acrylic acid (2 weight parts). 

copolymer of hexafluoroisopropyl methacrylate (90 weight parts)/glycidyl methacrylate (10 
weight parts), 

copolymer of 1H. IH-pentadecafluorooctyl acrylate (95 weight parts)/2-hydroxyethyl methacr- 
ylate (5 weight parts), 

copolymer of hexafluoroisopropyl a-f luoroacrylate (90 weight parts)/2-hydroxyethyl acrylate (1 0 
weight parts), 

copolymer of trifluoroethyl acrylate (80 weight parts)/glycidyl methacrylate (20 weight parts), 
and 

copolymer of hexafluoroisopropyl methacrylate (90 weight parts)/allyl methacrylate (10 weight 
parts). 



Table 4 





a* 




7* 


6* 


6* 




Syn.Ex.1 


MgF2 


30.5 


81/19 


6.0 


40.2 


59.2 


Syn.Ex.2 


Si02 


72.0 


60/40 


20.3 


81.3 


18.6 


Syn.Ex.3 


MgF2 


30.5 


70/30 


8.2 


53.9 


56.7 


Syn.Ex4 


SiOa 


72.0 


50/50 


12.6 


92.0 


29.8 


Syn.Ex.5 


CaF2 


55.4 


90/10 


11.3 


61.4 


48.8 


Syn.Ex.6 


CaF2 


55.4 


82/18 


6.2 


67.9 


45.2 


Syn.Ex.7 


MgFa 


123.0 


76/24 


3.9 


139.0 


58.8 
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Remarks: 

*) each of a, p. r. c and C (s as follows. 

a: core compound. 

p: core particle size (nm), 

y. weight ratio of core/shelt, 

5: solid content (wt.%), 

e: mean particle size (nm). and 

^: content of fluorine (wt.%). 



EXAMPLE 16 

50 

[0276] 90 weight parts of the fine particles prepared in Synthesis Example 1 and 10 weight parts of polymethyl 
methacrylate latex were mixed to prepare a coating dispersion for low refractive index layer. 

[0277] The liquid was applied on a triacetylcellulose film with a spin coater. and dried at 90'*C for 90 minutes to form 
a low refrartive index layer having 100 nm thickness. Thus, an anti-reflection film was produced. 
55 [0278] The refractive index, the void ratio, the visible reflectance (average reflectance in the wavelength region of 
400 to 800 nm). and th' surface mechanical strength of the produced film were measured. 

[0279] The refractive index of the layer was measured, and independently the theoretical one was calculated in 
consideration of the components of the layer; From the difference between the measured refractive index and the the- 



30 



oretical value, the void ratio was evaluated. On the other harxi, the film was rubbed with a finger, tissue paper or a rub- 
ber eraser, and observed by sight to evaluate the surface mechanical strength. According to the ot>servation, the grade 
of the surface mechanical strength was determined. The grade "A" means that the film was not damaged with any of 
the above, and tha those of "B", "C" and "D" mean that the film was damaged with a rubber eraser, tissue paper and a 
5 finger, respectively. The results are set forth in Table 5. 

EXAMPLES 17-25 AND SYNTHESIS EXAMPLES 8-1 1 

[0280] The procedure of Example 1 was repeated except that the compositions of fine particles and polymer bind- 
10 ers were changed as shown in Table 5, to produce anti-reflection films. The films were evaluated in the manner of 
Example 16. and the results are set forth in Table 5. 



Tables 



20 



25 



30 



35 





particles 


binder 


a* 




Y* 


6* 




e* 






9* 










Ex.16 


Syn.Ex.1 


90 


BPS" 


10 


1.33 


0.5 


A 


18% 


Ex.17 


Syn.Ex.1 


85 


BP1" 


15 


1.32 


0.3 


A 


14% 


Ex.18 


Syn.Ex.3 


100 




0 


1.31 


0.3 


A 


21% 


Ex.19 


Syn.Ex.3 


90 


BPr* 


10 


1.31 


0.3 


A 


17% 


Ex.20 


Syn.EX.3 


80 


BP3** 


20 


1.32 


0.5 


A 


11% 


Ex.21 


Syn.Ex.2 


75 


BP2** 


25 


1.34 


0.6 


A 


7% 


Ex.22 


Syn.Ex.4 


75 


BP2** 


25 


1.33 


0.4 


A 


5% 


Ex.23 


Syn.Ex.5 


75 


BP2** 


25 


1.32 


0.2 


A 


12% 


Ex.24 


Syn.Ex.6 


75 


BP2** 


25 


1.33 


0.4 


A 


9% 


Ex.25 


Syn.Ex.7 


75 


BP2** 


25 


1.31 


0.3 


A 


9% 


CE.8 


NP-r** 


75 


BPr* 


25 


1.45 


3.2 


C 


1% 


CE.9 


NP-2*" 


80 


BP2** 


20 


1.36 


0.7 


C 


10% 


CE.10 


NP-2*** 


75 


BP1" 


25 


1.34 


0.5 


B 


9% 


CE.11 


None 




BPr* 


100 


1.38 


2.4 


D 


0% 



Remarks: 

•) each of a, p, 7, 8, s, C. n and 0 Is as follows. 

ct: refractive index of the low refractive index layer, 

p: surface reflectance, 

y: grade of mechanical strength, 

5: void ratio. 

e: material of particles, 

C,: content of particles (wt.%), 

T|: material of binders, and 

G: content of binders (wt.%). 

**) each of BP1 , BP2 and BP3 is as follows. 

BP1 : polyhexafluoroisopropyl methacrylate latex, 

BP2: copolymer latex of hexafluoroisopropyl methacrylate (91 weight 

parts)/divinylbenzene (9 weight parts), and 

BP3: polymethyl meth£icrytate latex. 

*") each of NP-1 and NP-2 is as follows. 

NP-1 : fine particles (mean particle size: 52 nm) of copolymer of methyl meth- 
acrylate (80 weight parts)/divinyl benzene (25 weight parts), and 
NP-2: fine particles (mean partide size: 61 nm) consisting of copolymer core 
(70 wt.%) of hexafluoroisopropyl methacrylate (80 weight parts)/divinyl ben- 
zene (20 weights parts) and copolymer shell (30 wt.%) of hexafluoroisopropyl 
methacrylate (90 weight par1s)/gtycidyl methaaylate (10 weight parts). 
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EXAMPLE 26 

[Formation of hard coating layer] 

5 [0281] Oipentaerythritol hexaacr/late, a photopdymerization initiator [Irgacure 907. Ciba-Geigy]. and a photosen- 
srtizer [Kayacure DETX, Nippon Kayaku Co., Ltd.] were dissolved in toluene in amounts of 5 wt.%. 0.5 wt.% arxJ 0.2 
wt.%. respectively. The prepared solution was applied on a triacetylcellulose f Om having 90 thickness by means of 
a wire bar, and dried to form a layer having a thickness of 8 ^m. The formed layer was heated to 1 0CC, and irradiated 
with UV light of a 12 W/cm high pressure mercury lamp for 1 minute to crosslink the polymer. The layer was then cooled 

10 to room temperature. 

[Formation of high refractive index layer] 

[0282] 100 g of copolymer latex (mean particles size: 71 nm, solid content: 12.5 wt.%) of n-butyl methacrytate (80 
IS weight parts)/methacrylic add (20 weight parts) and 25g tin oxide particles (available from Ishlhara Sangyo Co.. Ltd.) 
were mixed. Independently, 6 g of dipentaerythrltot hexaacrytate, 0.5 g of a photopolymerization initiator [Irgacure 907, 
Cit)a-Geigy], 0.2 g of a photosensitizer [Kayacure DETX. Nippon Kayaku Co.. Ltd.], and 20 g of ethyl acetate were dis- 
persed and emulsified in 100 g of water containing 1 g of sodium dodecybenzenesulfbnate. Thus prepared latex and 
the emulsified liquid were mixed to prepare a coating liquid for high refractive index layer. The prepared liquid was 
20 applied on the hard coating layer by means of a wire bar, to form a high refractive index layer having the thickness of 
0.16 fim. After drying, the formed layer was heated to 100*C, and irradiated with UV light of a 12 W/cm high pressure 
mercury lamp for 1 minute to crosslink the polymer. The layer was then cooled to room temperature. 

[Formation of low refractive index layer] 

25 

[0283] 6 g of dipentaerythritol hexaacrylate. 0.5 g of a photopotymerizatton initiator [Irgacure 907, Ciba-Geigy], 0.2 
g of a photosensitizer [Kayacure DETX, Nippon Kayaku Co., Ltd.], and 20 g of ethyl acetate were dispersed and emul- 
sified in 100 g of water with 1 g of sodium dodecybenzenesulfonate. The emulsified liquid and 100 g of the fine particles 
prepared in Synthesis Example 1 were mixed and stirred to prepare a coating liquid for low refractive index layer. 
30 [0284] The prepared liquid was applied on the hard refractive index layer by means of a wire bar. to form a low 
refractive index layer having the thickness of 0.10 ^m. After drying, the formed layer was heated to lOO^C, and irradi- 
ated with UV light of a 12 W/cm high pressure mercury lamp for 1 minute to crosslink the polymer. The layer was then 
cooled to room tenrtperature. 

[0285] Thus, an anti-reflection film was produced. 
35 [0286] The visible reflectance and the surface mechanical strength of the produced film were evaluated in the man- 
ner of Example 16, and found 0.3% and grade "A", respectivdy. 

EXAMPLES 27-31 AND COMPARISON EXAMPLES 12 and 13 

40 [0287] The procedure of Example 26 was repeated except that the polymer in the high refractive index layer and 
the fine particles in low refractive index were changed as shown in Table 6, to produce anti-reflection films. The concen- 
tration of each coating liquid was adjusted so that the liquid might have the same solid content as that in Example 26. 
The visible reflectance and the surface mechanical strength of each produced film were evaluated, and the results are 
set forth in Table 6. 

45 



50 



55 
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Table 6 





high r. layer 


low r. layer 


surface reflect. 


Strength grade 




polymer 


r. index 


fine particles 






Ex.26 


HPr 


1.55 


Syn.Ex.1 


0.3% 


A 


Ex.27 


HP2" 


1.57 


Syn.Ex.3 


0.3% 


A 


Ex.28 


HP3* 


1,59 


Syn.Ex.3 


0.2% 


A 


Ex.29 


HP2* 


1.57 


Syn.Ex.4 


0.4% 


A 


Ex.30 


HPr 


1.55 


Syn.Ex.5 


0.2% 


A 


Ex.31 


HP3* 


1.59 


Syn.Ex.7 


0,3% 


A 


CE.12 


HPr 


1.55 


NP-r* 


4.2% 


C 


CE.13 


HPr 


1.55 


NP-2" 


0.3% 


C 



Remarks: 

*) each of HP1 , HPS and H P3 is as follows. 

HP1 : copolymer of n-butyl methacrylale (80 weight parts)/methacrylic acd (20 weight 
parts), 

HP2: copolymer of methyl methacrylate (65 weight parls)/ethyl methacrylate (25 weight 
parts)/glycidyl methacrylate (10 weight parts), and 

HP3: copolymer of benzyl methacrylate (50 weight parts)/methyl methacrylate (25 
25 weight parts)/allyt methacrylate (20 weight paris)/melhacrylic acid (5 weight parts). 

•*) each of NP-1 and NP-2 is as follows. 

NP-1 : fine particles (mean particle size: 52 nm) of copolymer of methyl methacrylate (80 
weight parts)/divinyl benzene (25 weight parts) , and 

NP-2: fine particles (mean particle size: 61 nm) consisting of copolymer core (70 wt.%) 
of hexafluoroisopropyl methacrylate (80 weight parts)/divinyt t»enzene (20 weights parts) 
and copolymer shell (30 wt.%) of hexafluoroisopropyl methacrylate (90 weight 
parts)/oIycidyl methacrylate (10 weight parts). 
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[0288] The anti-reflection film prepared in Exannple 27 was fixed on the liquid crystal display screen of personal 
computer (PC9821 NS/340W, Nippon Electric Co.. Ltd.). The Image displayed on the saeen equipped with the film was 
obsen^ed to confirm that surrounding scene was scarcely reflected in the screen, and that the film gave excellent view- 
ability. 

40 

EXAMPLE 33 

[0289] The anti-reflection film prepared in Example 28 was fixed on the liquid crystal display saeen of personal 
computer (PC9821 NS/340W, Nippon Electric Co., Ltd.). The image displayed on the screen equipped with the film was 
45 observed to confirm that sun-ounding scene was scarcely reflected in the screen, and that the film gave excellent view- 
ability. 

EXAMPLE 34 

so [0290] The anti-reflection film prepared in Example 30 was fixed on the liquid crystal display screen of personal 
computer (PC9821NS/340W, Nippon Electric Co., Ltd.). The image displayed on the screen equipped with the film was 
obsen^ed to confirm that surrounding scene was scarcely reflected in the screen, and that the film gave excellent view- 
ability. 

55 COMPARISON EXAMPLE 14 

[0291] The anti-reflection tarn prepared in Comparison Example 12 was fixed on the liquid crystal display screen of 
personal computer (PC9821 NS/340W. Nippon Electric Co.. Ltd.). The image displayed on the screen equipped with the 
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film was observed to confirm that surrounding scene was considerably reflected in the screen, and that the film gave 
poor viewablltty as compared wtth those of the films of Examples 32 to 34. 

COMPARISON EXAMPLE 15 

5 

[0292] The anti-reflection film prepared in Comparison Example 13 was fixed on the liquid crystal display screen of 
personal computer (PC9821 NS/340W. Nippon Electric Co., Ltd.). The image displayed on the screen equipped with the 
film was observed to confirm that surrounding scene was considerably reflected in the screen, and that the film gave 
poor vfewability as compared with those of the films of Examples 32 to 34. 

10 

EXAMPLE 35 

[Formation of hard coating layer] 

IS [0293] 125 g of a mixture of dipentaerythritol pentaacrylate and dipentaerythritol hexaacrylate [DPHA, Nippon Kay- 
aku Co., Ltd.] and 125 g of urethane acryiate oligomer [UV-6300B, Nippon Goseikagaku Kogyo Co.. Ltd.] were dis- 
solved in 439 g of industrial denatured ethanol. To the obtained solution, a solution prepared by dissolving 7.5 g of a 
photopolymerization initiator [Irgacure 907, Ciba-Geigy] and 5.0 g of a photosensitizer [Kayacure DETX, Nippon Kay- 
aku Co.. Ltd,] in 49 g of methyl ethyl ketone was added. After stirring, the mixture was filtered through 1 jxm mesh to 

20 prepare a coating liquid for hard coating layer. 

[0294] On a triacetylcellulose film [TAC-TD80U, Fuji Photo Rim Co., Ltd.] having 80 fim thickness, a gelatin under- 
coating layer was provided. The coating liquid for hard coating layer was applied on the undercoating layer with a bar 
coater, dried at 120*C, and irradiated with UV light to harden. Thus, a hard coating layer having 7.5 nm thickness was 
formed. 

2S 

[Preparation of coating liquid for low refractive index layer] 

[0295] 200 g of methanol dispersion of fine silica particles [R507. Nissan Kagaku Co., Ltd.], 10 g of silane coupling 
agent [KBN-803. Shin-Etsu Silicon Co.. Ltd.] and 2 g of 0.1 N hydrochloric acid were mixed and stirred at roomtenper- 
30 ature for 5 hours, and then stored at room temperature for about 6 days. Thus, a dispersion of fine silica particles sub- 
jected to silane treatment was prepared. 

[0296] To 149 g of the dispersion, 789 g of isopropyl alcohol and 450 g of methanol were added. To the obtained 
mixture, a solution prepared by dissolving 3.21 g of a photopolymerization initiator [Irgacure 907, Ciba-Geigy] and 1 .605 
g of a photosensitizer [Kayacure DETX, Nippon Kayaku Co.. Ltd.] in 31 .62 g of isopropyl alcofiol was added. Further, a 
35 solution prepared by dissolving 2. 1 7 g of a mixture of dipentaerythritol pentaaaylate and dipentaerythritol hexaacrylate 
[DPHA, Nippon Kayaku Co., Ltd.] in 78.13 g of isopropyl alcohol was added. Thus prepared mixture was stirred at room 
temperature for 20 minutes, and filtered through 1 ^m mesh to prepare a coating liquid for low refractive index layer. 

(Production of anti-reflection film] 

40 

[0297] The coating liquid for low refractive index layer was applied on the hard coating layer with a bar coater, dried 
at 120*'C, and irradiated with UV light to form a low refractive index layer (thickness: 0.1 ^m). Thus, an anti-reflection 
film was produced. 

[0298] The average reflectance in the wavelength region of 450 to 650 nm of the film was measured, and the sur- 
45 face mechanical strength was evaluated in terms of pencil hardness. The results are set forth in Table 7. 

[0299] On a polyethylene terephthalate film having 100 ^m thickness, a gelatin undercoating layer was provided. 
50 The coating liquid for hard coating layer of Example 35 was applied on the undercoating layer with a bar coater, dried 
at 120*»C. and irradiated with UV light to harden. Thus, a hard coating layer having 7.5 ^m thickness was formed. 
[0300] The procedure of Example 21 was repeated to form a low refractive index layer on the hard coating layer, to 
produce an anti-reflection film. 

[0301] The average reflectance in the wavelength region of 450 to 650 nm of the film was measured, and the sur- 
55 face mechanical strength was evaluated in terms of pencil hardness. The results are set forth in Table 7. 
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EXAMPLE 37 

[0302] The surface of a eyndiotactic polystyrene film having 100 ^m thickness was subjected to glow discharge 
treatment. Tlie coating liquid for hard coating layer of Example 35 was applied on the thus treated film with a bar coater, 
5 dried at 120*0, and irradiated with UV light to harden. Thus, a hard coating-layer having 7.5 jim thickness was formed. 
[0303] The procedure of Example 35 was repeated to form a low refractive index layer on the hard coating layer, to 
produce an anti-ref lection film. 

[0304] The average reflectance in the wavelength region of 450 to 650 nm of the film was measured, and the sur- 
face mechanical strength was evaluated in terms of pencil hardness. The results are set forth in Table 7. 

10 



Table 7 





transparent support 


void ratio 


reflect. 


strength grade 




material 


re.index 








Ex.35 


triacetylceliulose 


1.46 


14% 


1.5% 


2H 


Ex.36 


polyethylene terephthalate 


1.66 


14% 


1.3% 


2H 


Ex.37 


polystyrene 


1.58 


14% 


1 .4% 


2H 



EXAMPLE 38 

[Preparation of titanium dioxide dispersion] 

25 

[0305] 30 weight parts of titanium dioxide [weight mean particle size of primary particles: 50 nm, refractive index: 
2.70], 3 weight parts of the anionic monomer (1) in Example 1. 3 weight parts of the anionic monomer (2) in Example 
1 , 1 weight part of the cationic monomer in Example 8, and 63 weight parts of methyl ethyl ketone were mixed by means 
of a sand grinder to prepare a dispersion of titanium dioxide. 

30 

[Preparation of coating liquid for middle refractive index layer] 

[0306] 0.18 g of a photopolymerization initiator (Irgacure 907, Ciba-Geigy] and 0.059 g of a photosensitizer [Kaya- 
cure DETX. Nippon Kayaku Co., Ltd.] were dissolved in 1 72 g of cyclohexanone and 43 g of methyl ethyl ketone. To the 
35 obtained solution, a mixture of 1 5.8 g of the titanium dioxide dispersion and 3. 1 g of a mixture of dipentaerythrttol pen- 
taacryiate and dipentaerythritol hexaacrylate (DPHA. Nippon Kayaku Co.. Ltd.] were added and stirred at room temper- 
ature for 30 minutes. The liquid was filtered through 1 nm mesh to prepare a coating liquid for middle refractive index 
layer. 

40 [Preparation of coating liquid for high refractive index layer] 

[0307] 0.085 g Of a photopolymerization initiator [Irgacure 907, Ciba-Gelgy] and 0.028 g of a photosensitizer [Kay- 
acure DETX. Nippon Kayaku Co., Ltd.] were dissolved in 183 g of cyclohexanone and 46 g of methyl ethyl ketone. To 
the obtained solution, a mixture of 17.9 g of the titanium dioxide dispersion and 1.0 g of a mixture of dipentaerythritol 
45 pentaacrylate and dipentaerythritol hexaacrylate [DPHA, Nippon Kayaku Co. . Ltd.] were added and stirred at room tem- 
perature for 30 minutes. The liquid was filtered through 1 ^m mesh to prepare a coating liquid for high refractive index 
layer. 

[Production of anti -reflection film] 

50 

[0308] The coating liquid tor middle refractive index layer was applied on the hard coating layer formed in Example 
35 with a bar coater, dried at 1 20*'C, and irradiated with UV light to fonm a middle refractive Index layer (thickness: 0.081 
^im). 

[0309] The coating liquid for high refractive index layer was applied on the middle refractive index layer with a bar 
55 coater, dried at 120'*C. and irradiated with UV light to form a high refractive index layer (thickness: 0.053 ^im). 

[031 0] The coating liquid for low refractive index layer of Example 35 was applied on the high refractive index layer 
with a bar coater, dried at 120'*C, and In-adiated with UV light to form a low refractive Index layer (thickness: 0.092 ^m). 
[031 1 ] Thus, an anti-reflection film was produced. 
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[0312] The average reflectcuice in the wavelength region of 450 to 650 nm of the film was measured, and the sur- 
face mechanical strength was evaluated in terms of pencil grades. Further, the contact angle of the surface was also 
measured to estimate whether the film is easily stained with finger prints. The results are set forth in Table 8. 

5 EXAMPLE 39 

[0313] The procedure of Example 38 was repeated except that the thickness of the low refractive index layer was 
set at 0.072 ^m, to provide middle, high and low refractive index layers on the hard coating layer. A solution of crosslink- 
able polymer containing fluorine was applied on the low refractive Index layer, and heated at 1 20^*0 to crosslink the pol- 
10 ymer Thus, a protective layer having the thickness of 0.02 ^m was formed to produce an anti-reflection film. 

[0314] The average reflectance in the wavelength region of 450 to 650 nm of the film was measured, and the sur- 
face mechanical strength was evaluated in terms of pencil hardness. Further, the contact angle of the surface was 
measured to estimate whether the film is easily stained with finger prints. The results are set forth in Table 8. 

IS 

Tables 





protective layer 


reflect. 


strength grade 


contact angle 


Ex.38 


not provided 


0.35% 


2H 


106** 


Ex.39 


provided 


0.36% 


2H 


28° 



Claims 

25 1. An anti-ref lection film comprising a high refractive index layer having a refractive index of 1 .65 to 2.40 and a low 
refractive index layer having a refractive index of 1.20 to 1.55. wherein the high refractive index layer comprises 
inorganic fine particles having a mean particle size of 1 to 200 nm in an amount of 5 to 65 vol.% and a crosslinked 
anionic polymer in an amount of 35 to 95 vol.%. 

30 2. The anti-reflection film of claim 1. wherein the anionic polymer in the high refractive index layer has a phosphoric 
acid group or a sulfonic acid group as the anionic group. 

3. The anti-reflection film of claim 1. wherein the anionic polymer in the high refractive index layer further has an 
amino group or an amnrK>nium group. 

35 

4. The anti-reflection film of claim 1 , wherein the inorganic fine particles in the high refractive index layer have an aver- 
age refractive index of 1 .80 to 2.80. 

5. The anti-reflection film of claim 1 , wherein the high refractive index layer is formed by applying a coating liquid, and 
40 the anionic polymer is formed by polymerization reaction during or after the application. 

6. The anti-reflection film of claim 1 , wherein the low refractive index layer comprises inorganic fine particles having a 
mean particle size of 0.5 to 200 nm in an amount of 50 to 95 wt.% and a polymer in an amount of 5 to 50 wt.%. and 
two or more of said particles are piled up to form micro voids by the adjacent particles. 

45 

7. The anti-ref lection film of claim 6. wherein the tow refractive index layer has a void volume in the range of 3 to 50 
vol.%. 

8. The anti-reflection film of claim 6, wherein the inorganic fine particles in tfie low refractive index layer are coated 
50 with a shell of polymer. 

9. The anti-reflection film of in claim 6. wherein the micro voids in the low refractive index layer are enclosed with the 
inorganic particles and the polymer. 

55 10. A display device having, on its display screen, an anti-reflection film which comprises a high refractive index layer 
having a refractive index of 1 .65 to 2.40 and a low refractive index layer having a refractive index of 1 .20 to 1 .55, 
wherein tiie high refractive index layer comprtsesf 1 to 200 nm in an amount of 5 to 65 vol.% and a crosslinked ani- 
onic polymer in an amount of 35 to 95 vol.%. 
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11. An anti-reflection film comprising a low refractive index layer having a refractive index of 1.20 to 1.55, wherein the 
low refractive index layer comprises Inorganic fine particles having a mean particle size of 0.5 to 200 nm in an 
amount of 50 to 95 wt.% and a polymer in an amount off 5 to 50 wt.%. and two or more of said particles are piled 
up to form micro voids by the adjacent particles. 

5 

1 2. The anti-reflection film of daim 1 1 , wherein the low refractive index layer has a void volume in the range of 3 to 50 
vol.%. 

13. The anti-reflection film of claim 11, wherein the inorganic fine particles in the low refractive index layer are coated 
10 with a shells of polymer. 

14. The anti-reflection film of claim 11. wherein the micro voids in the low refractive index layer are enclosed with the 
inorganic particles and thei polymer. 

15 15. A display device having, on the display screen, an anti-reflection film which comprises a low refractive index layer 
having a refractive index of 1.20 to 1.55, wherein the low refractive index layer comprises inorganic fine particles 
having a mean particle size of 0.5 to 200 nm in an amount of 50 to 95 wt.% and a polymer in an anrK)unt of 5 to 50 
wt.%, and two or more of said particles are piled up to form micro voids by the adjacent the particles. 
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